Study Guide Lecture Exam 3 F2020 


PROTOSTOMES: Ecdysozoa 


PROTOSTOMES: Ecdysozoa. 
Phylum Nematoda - roundworms 

Non-cellular cuticle around body that must be shed for growth 

(Bedysozoan) 

lions of roundworms in topsoil 

Many nematodes are parasites or plants and animals 
Longitudinal muscles only, so they can only move side to side. 
Intestinal wall one cell thick. 
Most are dioecious (separate sexes) 
Internal fertilization, males have copulatory spicule. 
Entely 
Examples: 


© Ascaris responsible for infections in humans and pigs. 
o Hookworms in southern US, transfer from soil to blood through skin 
© Trichinella causes trichinosis 
are found in humans, go from blood to lungs, coughed up, 
‘swallowed, mature in intestine 
о Pinworms, most common nematode parasite in US. 
* Females migrate out of anus to lay eggs. Itchy, kids scratch 
and re-ingest eggs. 
© Filarial worms, cause heartworm in dogs and cats, elephantitis in 
humans, river blindness 
o Celegans 
+ Plant nematodes 
© M. incognita life cycle. 
о Chalcones - What are they? What benefits? Toxicity? 


Phylum Arthropoda: (Know which organisms are related to which and the 
characteristics that place them in their group.) 
‘Subphylum Trlobita, Subphylum Chelicerata, Subphylum Crustacea, Subphylum 
Myriapoda, Subphylum Hexapoda 

‘Over % of all known species in this phylum. 

Segmented true coelomates 

Exoskeleton (cuticle) is secreted, and jointed 

Ecdysis (molting) must occur for growth, 

Body size limited by weight of exoskeleton 

‘Tracheal tubes in sides of abdomen deliver oxygen 

Aquatic forms have gills 

Some have multiple eyes or compound eyes or both, 
(Subphylum Trilobita) 


Extinct Looks like large pill bug or roly-poly. 

‘Subphylum Chelicerata (spiders, ticks, mites, horseshoe crabs) 
Have Chelicera (piercing mouthparts or fangs), pedipalps (Mi 

‘grasping with pincers in horseshoe crabs) and 4 pairs of walking legs. 

No antennae. 

‘Suck up liquid food from prey. 


legs for food 


Class Xiphosura: Horseshoe crabs: look same as ancestors from Triassic 
Cephalothorax (fused head and thorax) with 5 pairs legs and abdomen with 
modified legs. 

Live in shallow water. 

External fertilization. 


Class Arachnida are spiders, scorpions, ticks, mites 
Order Aranea: Spiders: 
Cephalothorax (has all appendages), and abdomen. 
Venom glands attached to fangs (chelicerae) 
Spinning glands (spinnerets) on abdomen, liquid protein secreted that hardens in 
contact with air. Silk used for webs, lining burrows, egg sacs, wrapping prey. 
Male pedipalps (what do pedipalps look like?) used as sensory stuctures, also for 
sperm transfer. 
‘Spiders have book lungs for oxygen uptake. 
Spiders have В eyes with lens, rods, retina, but poor vision. Have sensory hairs on 
body. 


Order Scorpiones: Scorpions: have stinger with venom at end of 
abdomen. 


Noctu 


hunters of insects and spiders 
Subclass Acari: Ticks and mites: complete fusion of cephalothorax and 
abdomen 

Chelicera pierce, grip or tear foo. 

4 pairs of legs. 

House dust mites, hair follicle mites, spider mites on plants 

Ticks carry Lyme disease, Rocky Mountain Spotted Fever 


(Subphylum Myriapoda) (centipedes and millipedes) 


Centipedes: 1 pair of legs per segment. 
Eat earthworms, cockroaches, insects 
Most small and harmless to humans, except tropical ones. 
Venomous claw like a fang near mouth. 


Millipedes: 2 pairs of legs per segment. 
Eat decaying plants tissue (some eat live plants) 
Coil for defense. 

Secreto toxie/repellant fluids so they won't be eaten, 


(Subphylum Crustacea) (crabs, lobsters, shrimp, crayfish, barnacles and others) 


2 pairs of antennae, mandibles in mouth for chewing and accessory legs 
(maxillae) for feeding, 
Practically one pair of appendages per segment throughout body. 
"What do they do with all those legs? 
Biramous appendages (2 parts to each) Walking legs have gills attached. 
3 body parts: Head, thorax and abdomen, and head and thorax may be fused 
(cephalothorax); 2 pairs of antennae 
Secreted cuticle (exoskeleton) made of chitin, protein and calcium carbonate. 
‘Open circulatory system 
Green gland (bladder) at ventral part of head for excreting liquid waste. 
Crayfish have separate sexes 
Eggs stay in a body chamber or attached to appendages. 
Epidermis secretes shell (not a mantle). 
‘Shedding or ecdysis for growth to occur. 
‘Gastric mill (teeth in stomach) in crayfish. 
Barnacles are sessile, legs actas filters for feeding, body “upside-down”. Barnacles 
have 2 shells - are they related to clams and oysters? (NO) 
Are Isopods (pillbugs) really bugs? (NO) Are they insects? (NO) 


(Subphylum Hexapoda) (six legs, the insects) 
3 sections of body: head, thorax, abdomen 
Most abundant arthropod. Maybe 30 million species. 
Most can fly. 2 large compound eyes, 3 simple eyes (ocelli), one pair antennae. 
Legs on thorax, feeding appendages in head. 
Veins in wings for strength. 
Wings an outgrowth of the cuticle (exoskeleton). 
Most have 2 pairs of wings: Flies (Cass Diptera) have one pair, second pair are 
called halteres, for balance. 
Lice, feas, non-reproductive ants and termites are wingless. 
Seales on butter wings, Thin underwings of beetles used for Night 
Some herbivorous, predaceous, or saprophagous (eat deed stuf). Some parasitic 
Mouthpart variety. What kinds are there? 
Spiracles holes in sido of abdomen) with valves that close, open to trachea tubes 
for oxygen exchange. 
Compound eyes made of thousands of ommatidia (mini-eyes) 
Pheromones (chemical), sounds, colors attract mates. 
Internal fertilization, some have sperm packets (spermatophores) 


Metamorphosis during growth. 
Hemimetabolous insects : incomplete metamorphosis. Egg, multiple nymphs, to adult 
Last nymph develops wings. 

Holometabolous insects (80%) Complete metamorphosis. Egg, larva, pupa, adult. 


Beneficial insects, harmful insects, medically important insects 


DEUTEROSTOMES 
Phylum Echinodermata -General Characteristics 


1. Ossices = Calcium carbonate plates make endoskeleton (under the epidermis). 
Separated in sea star, fused in sea urchin and sand dollar. Reduced in sea cucumbers. 

2. Water vascular system with canals leading from madreporite to cach arm to ampulla 
and tbe feet. 

3. Pentaradial symmetry in adults, bilateral symmetry in larval forms. Pentaradi 
symmetry useful for a sessile life, similar to those with radial symmetry, like sea 
anemone or jellyfish. 

4. Most have oral and aboral surface, mouth on bottom is oral, anus and madreporite 
on top is aboral 

Some have pedicellariae (lite microscopic pincers that remove debris or may 

actually be poisonous in sea urchins and deter predators) 


Class Asteroidea: Sea stars- tube feet in ambulacral groove on boom of arms, pedicellariac, 

Strong enough to open up a clam with the suction of their tube feet. Stomach суеп» out to digest 

‘the clam while it's still in its shell. Light sensing "eye spot at tip of each arm. Can regenerate 

Class Holothuroidea: Sea cucumbers- stretched out side to side, mouth to anus, rather than 

flattened like a sea star or sand dollar. Few ossicles so body is sofier. 5 rows of tube fect, 3 

down, 2 up. Respiratory structures for respiration and excretion. Defense of Tubules of Cuvier 

that are noxious, sticky, and everted when predator tries to bite them, Feed with tentacles, by 

trapping particles or grazing on bottom. (remember the ear fish?!) 

Class Echinodea: Sea urchins and sand dollars - Aristotle's lantem for scraping al 

small particles. Spines of urchin in ball and socket joints, covered in epidermis. 

Class Ophiuroidea: Brittle stars- simple tube fect without suckers, and move with whole arms, 

arms have jointed ossicles, scavenge food, good at regenerating arms 

Class Crinoidea: Crinoids — Sea lilies and feather stars -look plant-like with long, many- 

branched arms, and filter feed permanently attached to surface. 

Phylum Chordata 

Important chordate characteristi 
Notochord ~rodlike tissue in he back (dorsal side) for support and muscle attachment. 

Can bend without shortening and permits side to side undulations (movement). Displaced by 

vertebrae in most vertebrates, 


se or other 


Dorsal, hollow nerve chord — enlarges at head end (anterior) to form the brain. 
Produced in embryo by infolding of ectodrmal cells on the dorsal side of the body. 


Pharyngeal pouches and slits — from pharyngeal cavity to the outside, Forms gills in 
aquatic chordates like fish for gas exchange (oxygen in, carbon dioxide ош), tadpoles, some 
Salamanders. Filter feeding apparatus in tunicates and lancelets, Forms more advanced structures 
in tetrapods, like Eustachian tubes, middle ear cavity, tonsils. 


Endostyle a new definitive chordate characteristic. On ventral side of pharyngeal gill 
pouch. Makes mucus for pharyngeal gill feeders. Forms thyroid gland in other chordates. 


Postanal tail ll extends beyond the anal opening. Has muscles for swimming, used in 
larval sea squirts (tunicates) and in adult and larval lancelets (Amphioxus) and fish, and is 
sometimes present and sometimes not present in other groups of tetrapods: 


‘Subphylum Urochordata: Tunicates or sea squirts Retains pharyngeal gil slits and endosyle 
as adults, lose the other chordate characteristics Filter feeds with siphons and enlarged 
pharyngeal gill basket covered in mucus 

Subphylum Cephalochordata: Lancelet (Amphioxus) АП chordate characteristics retained in 
adult. Filter feeds and burrows into sand. 


‘Subphylum Craniata (Vertebrata) - develop an endoskeleton which permits 
very large body size, attachment of segmented muscles. Can be cartilage or Бопе, bone is 
Stronger. Animals shift to active predation in some cases, need bigger brain and protection 
around it (cranium or braincase). More advanced sense organs (eyes, cars, Eustachian tubes). 
Jawless fishes — hagfish and lamprey. No jaws, no real intemal skeleton, no paired fins. Pore- 
like openings to gills, ecl-like Боду. 


Hagfish (Class Myxini) — Al are marine with body at same salt concentration as seawater, 
scavenge food from dead or dying organisms. Mostly blind. Secret lots of mucus to escape 
predators. Jawless, with tech оп the tongue for rasping. All chordate characteristics, but no 
Vertebrae, even though they are classed as a Subphylum Vertebrata. 


Lamprey (Class Cephalospidomorphi) - Half are nonparasitic, cating alga as larvae. Half are 
parasitic, mostly on fish. Larval form looks a lot like a Lancelet. Marine forms anadromous, 
each adulthood in ocean and swim upstream to fresh water to reproduce (spawn). Make nesi, 
shed eggs into nest which are quickly fertilized. Then adults die. Parasitic types attach to fish to 


Suck fluids. Sea Lampreys moved into Great Lakes, ate commercial species like lake trout 


Cartilaginous fishes (Class Chondrichthyes) — sharks and rays 

® Skeleton made of cartilage, no mineralized bones 

Тай is asymmetrical (heterocereal) 

Paired pectoral and pelvic fins 
Many rows of teeth, which are shed and regrown continuously 
Placoid scale, made of dentin and enamel like a tooth 
Mouth on ventral side, unlike fish with mouth on the anterior end 
Body is streamlined for casy swimming, and asymmetrical (heterocercal) tail helps 
External gill slits open to the ocean, no covering like a fish has. Spiracles on top of head 
helps bring water in over the gills, Some sharks must keep swimming to move water over 
the gills, 


+ No swim bladder, so sharks have les floating ability compared to bony fish Extra fats in 
liver (squalene) in this group for some buoyancy 

© Lateral line, like in fishes, is sensor. 

+ Ampullae of Lorenzini are electro sensors all over the head to pick up electrical signals 


from other fish muscle movement 

+ 2 chambered heart 

* Spiral valve in the intestine to increase surface area for absorption- 

+ Males have claspers made from edge of pelvic fins for mating (modified copulatory 
organ). Internal fertilization. 


+ Know terms oviparous, ovoviviparous, viviparous 


^ Ray and skate body is flattened top to bottom. 
+ Pectora fins are enlarged о form the "wings" 


Large spiracles on top to get water into the gills. 
Gill slis arc on the ventral side. 

Teeth can crush prey 

Stingrays have venom and spines on tail. 
Electric ray ~ electric discharge to stun its prey 


Bony fishes (Superclass Osteichthyes) 

Gills covered by operculum - a bony йар of skin to aid movement of 
operculum moves ош, water is sucked in the mouth and over the gill 
бав filled swim bladder keeps fish buoyant and also provides extra oxygen if needed. This 
becomes a hung in lungfish. 

Mouth at anterior end of head, more efficient than shark, can vacuum in food. 

‘Scales embedded in the dermis of skin, unlike shark, whose scales are on the surface. 

2 chambered heart. Vessels in close association with gills for oxygen exchange. 

Tail is symmetrical (homocereal) 

Tail plus body muscles propel the fish quickly through water. 

Scales are thinner than shark scales for less drag when swimming (lowers the friction) 


ster over the gills. As 
ike a bellows Water. 


Class Sarcopterygii: Non- teleost fish (lobe-finned fishes), like gar or bowfin, can gulp 
air to supplement gills. Seales of lobe finned fishes, including the coelacanth, are diamond 
shaped and harder than other bony fish scales. Lobe-finned fishes have bones in their fins 
‘that look similar to 4-legged vertebrates (tetrapods). Lobe-finned fishes are more closely 
related to tetrapods than they are to the other fishes (ray-finned fishes). Lung fishes and 
coelacanths are ancestors to tetrapods. Реле and pectoral fins are stronger and bonier 
‘than regular fish fins. 


Class Actinopterygii: Ray finned Fish 
Most fishes are Teleosts (96%) (Actinopterygii) Ray-finned fishes 
Some can walk across land, some can climb trees 

Teleosts have thinner scales than gars and bowfish. 

Some fish, like eels and catfish, have no scales at al 

Maximum fish swimming speed = 10 body lengths per second. 
Wshaped myomere muscles fibers are eficient at swimming. 


Significance of Tiktaalik. What are its fish and amphibian characteristics? What was sonic 
hedgehog from the Inner Fish video, and why was it important? 


Class Amphibia 
Problems when moving from water to land? See powerpoint. 
Adaptations of tetrapods for a life on land. Sce powerpoint. 
Amphibians tied to water. Eggs need to stay moist, larvae develop in water, generally. Larvae 
have gills. 
Ectøthermal. Thin, moist skin loses water rapidly. No scales 
3-chambered heart, double circulation, 

Caecilians — Order Gymnophiona - А tetrapod that has lost its legs. Burrow. Live in 
forests Eat worms and invertebrates 


Salamanders - Order Caudata - Small, legs held out at right angles, carnivorous on 
worms, arthropods and mollusks. Aquatic larvae and terrestrial adults for most, except 
mudpuppy, which retains juvenile gills (paedomorphosi). Get lots of oxygen from their moist 
skin, which has lots of blood vessels to pick up the oxygen. Some have lungs, most have gills as 
juveniles. Some have no gills or lungs as adults, just get oxygen through skin. 

Frogs and Toads — Order Anura - also breathe through ski, have lungs as adults, 
as tadpoles. Larval stage has tail, adult loses tail. Tadpoles are herbivorous and have speci 
mouth for cating algae. Frogs hibernate in soft mud, breathing through skin. Some hibernate in 
summer to avoid drying ош. Some have antifreeze so they don't die in freezing weather. Some 
are poisonous. Pigment cells in skin (chromatophores give them their color, either 
camouflaged or bright colors indicating they ar poisonous. Tongue attached o front of mouth 
and is sticky. Couple of small teeth to hold onto prey, not for chewing. Amplexus posture 
during mating, with external fertilization. 


CLASS REPTILIA: THE REPTILES 


The reptiles and birds are very closely related: in fact the classes should not be valid ta 
are not monophyletic. Regardless, the weight of tradition still causes he two groups o be 
considered independently. 


as they 


CHARACTERISTICS OF REPTILES 


1.000 + species 


Paired kidneys: urie acid waste 
internal fertilization 

SHELLED EGGS - calcareous or leathery. Extrembryonie membranes - AMNION, 
CHORION, ALLANTOIS. Yolk sac. NO larva 

> Sex determined by temperature of eggs during development, Not XY chromosomes 


> Body covered with epidermal scales 
> Paired limbs with (usually) five toes: absent in snakes and some lizards 
> Ribs with STERNUM (breastbone): forms a thoracic cage 

> Lungs 

> S-chambered heart: crocodilians with a 4-chambered heart 

7 ECTOTHERMIC 

> 


‘TAXONOMY 

+ ORDER TESTUDINES: turtles and tortoises 
Enclosed in shells of a dorsal CARAPACE and a ven 
Carapace encloses vertebrae and ribs 


I PLASTRON. No teeth, 


known living reptiles 
KINETIC skull, quadratojugal hinge 
Snakes are limbless and lack both pelvic and pectoral girdles (remnants of pelvic girdle in 
constrictors) 
Some are venomous, pit vipors sense heat 
* ORDER CROCODILIA: crocodiles, alligators and caymans 
Bony palate to separate mouth from nasal cavity 
Eyes and nostrils on ventral side of head 
4 chambered heart 
ORDER AVES 


birds 


Adaptations for fight: Air sacs, wings, feathers, fast metabolism, hollow bones, enlarged 
sternum for flight muscle attachment, single ovary and oviduct, lay only one egg a day. 
4 chambered hear like erocodilians 

Endothermic ("warm-blooded") 

Beaks and fect are adapted to feeding preferences 

Lots of parental care (sitting on eggs, feeding hatchlings, protecting babies) 


CLASS MAMMALIA, 
CH 346, 47 
‘Mammals 


> MILK: The production of milk occurs in specialized tissue. 
HAIR: АП mammals have hair at some point in their development 

> Single jaw bone (DENTARY): This jaw bone holds the lower teeth, and is connected 
to strong muscles which increase the strength of lower jaw movements 

> Three inner ear bones: the STAPES (stirrup), INCUS (anvil), and the MALLEUS. 
(hammer) 

> Seven CERVICAL (neck) vertebrae 

> Fully Muscular Diaphragm: increases efficiency of gaseous exchange, separates 
thoracic from abdominal cavity 

> Secondary PALATE (roof of mouth) separates air passage and feeding area 

> Dioecious, internal fertilization, embryo attached via PLACENTA to the UTERUS 
(womb) (except monotremes), viviparous. Extensive parental care. 

> Homeothermic and endothermic (body temp. produced by metabolism and kept 
relatively constant) 


There are three major subdivisions of living mammals: the monotremes, the marsupials, 
and the placental mammals. 

ORDER MONOTREMATA - egg laying mammals 

Represented by only 3 living species, including the duckbil platypus and the echidna. Lack 
Separate external openings for gut, ureters, and reproductive tract. Similar to the reptiles 
and birds, ll three empty into а single chamber, the CLOACA. After the young hatch from 
the egg, they are fed on milk 

ORDER MARSUPIALIA - marsupials, pouched mammals 

Mostly Australian. Young born at an carly stage of embryonic development, crawl to the 
pouch (MARSUPIUM), and are nourished on milk until independent. 

(INFRACLASS EUTHERIA) - the viviparous, placental mammals (the rest of the mammals), 
including human evolution and primate characteristics. 


" Ecdysozoa 


Separation from Lophotrochozoa 
supported by both molecular data and 
morphology 


Defining characteristic: Ecdysis - molting 


Porifea 


All ecdysozoans possess 
a cuticle for support and protection - 
must SHED to grow 


Some have metamorphosis 


They can survive harsh conditions with 
cryptobiosis (like tardigrades) 


Cnidaria and Ctenophora 
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Arthropoda 
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Phylum Nematoda - Roundworms 


This is the major PSEUDOCOELOMATE phylum. The pseudocoel is derived from the 
original embryonic BLASTOCOEL. 


* In nearly all habitats from poles to tropics - there are 
many animal and plant parasitic species 

* Bilateral, cylindrical in cross section, unsegmented 

* Over 20,000 species (many more undiscovered) 

* Tough collagen cuticle covers body 


* Longitudinal but not circular muscles 


Phylum Nematoda - Roundworms 


* Pseudocoelom acts as hydrostatic skeleton 
and as a circulatory system 

* Complete "tube-within-a-tube" digestive tract, 
with muscular pharynx. 

* Many nematodes sp. have same number of 
cells = "eutely" 


Buccal cavitv Excretorv 


Caenorhabditis elegans 
959 cells in all adults - "Eutely" 


Also present in Ascaris and rotifers 
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Animal body plans 
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Free-living nematode 
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Structures of a nematode 
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Ascaris sp. female 


Representative Nematode Parasites 


Representative Nematode Parasites 


* Some are parasites of humans 
— Most are tropical 


* Ascaris lumbricoides 


— Occurs in up to 25% of people in some areas of the 
southeastern U.S. 


— More than 1.27 billion affected worldwide 
— Ascaris suum is found in pig intestines 


— A female Ascaris may lay 200,000 eggs a day, which pass 
out in host's feces 


Representative Nematode Parasites 


— Survive for long periods in soil 

— When humans eat undercooked vegetables contaminated 
with shelled juveniles, or when children put soiled fingers or 
toys in their mouths, consumed juveniles hatch, and burrow 
through intestinal wall 

— Carried through the lymphatic system and bloodstream to 
the lungs, they enter into alveoli causing pneumonia and 
are carried up through tracheae into throat 

— Coughed up and swallowed, they mature in the small 
intestine 

— Adults feed on intestinal contents and may block the 
intestines 

— Females may produce 200,000 eggs per day 


Ascaris 


Representative Nematode Parasites 


* Hookworms 

— Anterior end of these small worms has a hook-like curve 

— Necator americanus, most common hookworm. 

— Large plates in mouth cut into intestinal wall and suck host's 
blood and cling to intestinal wall 

— Pump through more blood than they digest 

* Heavy infections cause anemia 

— Eggs pass out in feces and juveniles hatch in soil 

— If human skin comes in contact with soil, infective juveniles 
burrow through skin to blood 

— Travel in blood through bloodstream to lungs, are coughed 
up to be swallowed, and mature in the intestine 
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Representative Nematode Parasites 
* Pinworms 

— Most common worm parasite in the U.S. 

— Adults live in large intestine 

— Females, about 12 mm in length, migrate to anal region at 
night and lay eggs just outside, causing itching 

— Little kids scratching the anal region contaminate hands and 
bedclothes 

— Eggs develop rapidly and become infective within six hours 
at body temperature 


— Little kids suck on fingers, they are swallowed, hatch in 
duodenum and mature in large intestine 


HUMAN PINWORM - 
Enterobius vermicularis 


Enterobius vermicularis 


Enterobius vermicularis - adult pinworm 


(by P.W. Pappas and S.M. Wardrop) 


"Trichinellosis is caused by the 
ingestion of undercooked meat 
containing encysted larvae of 
Trichinella species. 

1. After exposure to gastric acid 
and pepsin, the larvae are 
released from the cysts. 

2. They invade the small bowel 
mucosa where they develop into 
adult worms. 

3. Females are longer than males 
(2.2mm to 1.2mm). Life span in 
small bowel 4 weeks. 

4. After 1 week, females release 
larvae that ->->-> 

5. migrate to striated muscles 
where they encyst. 

Encyst in tongue, around eyes, 
between ribs, sometimes heart 
and brain. 
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Parasitic nematode, Trichinella spiralis 


Trichinella, latest cases 


Date: Fri 25 Oct 2013 
Source: CBC (Canadian Broadcasting Corporation) News [edited] 


Health officials in Nunavik [region, Quebec], are trying to figure out the source of a 
trichinellosis outbreak in Inukjuak [Nunavik]. Since early October [2013], about 15 people 
have exhibited symptoms of the illness caused by a parasite sometimes found in raw meat 
of animals Including walrus and polar bear. 2 people have been hospitalized. 


— Elephantiasis is caused by 
repeated exposure to 
filarial worms (Wuchereria). 

= Swelling and 
growth of 
connective tissue 
causes enormous 
swelling of body 
parts - scrotum, 
legs, arms 
* Some species live in 
your lymph system and 
can block the vessels. 
* Spread by mosquitos. 


Mosquito Stages. 


Ө orate to head and 
"mosquitos proboscis 


Mictoftariae shed sheaths, 
pentrate mosquitos midgut, 
and migrate to thoracic muscles 
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Causes elephantitis 


Onchocerciasis - river blindness 


Pl 


River blindness or onchocerciasis is carried by 
black flies and infects 37 million people in 
tropics 


Onchocerciasis 


New worms form new nedules or find existing nodules and 
Cluster together 


RIVER BLINDNESS World distribution 
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Guinea worm 


* Dracunculiasis - infection with guinea worm, 
or guinea worm disease. Intermediate host is 
a crustacean copepod. 


Guinea worm disease-Dracunculus medinensis 
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More Nematode Parasites 


— Dog heartworm, Dirofilaria immitis, is carried by 
mosquitoes and is the most common U.S. filarial worm 
— Give dogs and cats heartworm pills to stop infection 


Adult worms reproduce in 
the heart, Microlarias may 


be found in the. “ES Mosquito bites infected 


ad Dirofilaria immitis 


animal and ingests blood 


Heartworm Life Cycle 2 
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TON 0 In 10 to 28 days, mierofilariae 
зе migrate to the animals heart develop into infective larvae 
and develop into adult worms. ‘within the mosquito, 


by an infected mosquito. 
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PHYLUM ARTHROPODA — 
JOINT LEGGED ANIMALS 


Number of species identified: > 1,000,000. 


Largest animal phylum: consider that there are ~ 
1.4 million named species of ALL organisms (and 
>250,000 of those are plants). 


Arthropods are the most dominant phylum on 
earth, and have enormous ecological and 
economic importance. They are found 
everywhere. 


Success related to body plan 
that permits them to live in 
all major biomes 


* Versatile exoskeleton 


* Segmentation and jointed appendages for more efficient 
locomotion 


* Highly developed sensory organs 
* Complex behavior patterns 


Eyes 


Chelicerae 


CHARACTERISTICS 
*External "Metamerism" (segments) and tagmatization 
(grouping the segments) 


*EXOSKELETON of chiton (polysaccharide) - ECDYSIS 
(molting) 


*Paired jointed appendages 


*Open circulatory system with HEMOCOEL (with 
hemolymph) 


*Respiration -Gills, Tracheae, or Book lungs 


*Excretory: paired glands or multiple Malpighian tubules 
Ventral nerve cord, well developed sensory organs 
*Dioecious, internal fertilization, METAMORPHOSIS 


THE EXOSKELETON 


Exoskeleton (cuticle) 


* External, jointed skeleton 
Functions 


* Structural support mt 
* Protection j 
* Prevents water loss Chelicera. 


Proboscis 


System of levers for muscle attachment 
and movement 


Covers all body surfaces and invaginations 
of the body wall 


Nonliving, secreted by epidermis 


PHYLUM ARTHROPODA 


Ecdysis 
* Molting occurs often in young animals and may cease in 
adults 
* Necessary for a crustacean to increase in size the 
* Exoskeleton does not grow 
* Underlying epidermis secretes cuticle 


* contains protein, calcium salts, and chitin 


PHYLUM ARTHROPODA 


* During premolt the old cuticle becomes thinner as inorganic 
salts are withdrawn from it and stored in tissue 

* Underlying epidermis begins to grow by cell division: 
Secretes a new cuticle 


* Enzymes released into the area above new cuticle dissolve 
the old cuticle 


* The animal then swells with water or air to expand and burst 
the old cuticle 


* Postmolt stage soft new cuticle stretches and then hardens 
with the deposition of inorganic salts 


= 
FIGURE 15.19 = 
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Pedipalp 
First walking 


Book ling 


@ 


The book lungs of (a) arachnids are made up of alternating air pockets and hemocoel tissue 
shaped like a stack of books. The book gills of (5) crustaceans are similar to book lungs but 
are external so that gas exchange can occur with the surrounding water. (credit a: 
modification of work by Ryan Wilson based on original work by John Henry Comstock; 
credit b: modification of work by Angel Schatz) 


THE HEMOCOEL 


tacon 


Arthropod hemocoel from embryonic blastocoel 
Internal cavity for open circulatory system Бекорон" 


* Hemolymph fluids bathe internal organs 
* Exchange of nutrients, wastes, and sometimes gases 
Not a hydrostatic compartment 


-5 ا 
\ 
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EYES 
* Compound eyes, made of many units called ommatidia 
* Can adapt to bright or dim light 
* Small crustaceans 2-12 ommatidia to 15,000 in lobster 
* Spiders and Myriapoda have only simple eyes 


Subphyla of Arthropods 
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[d 
Tagmata = head + trunk 2nd pair д antennae 
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‘Shared derived DNA sequences 
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FIGURE 15.18 — 
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Trilobites, like the one in this fossil, are an extinct group of arthropods. (credit: Kevin 
Walsh) 


TRILOBITES 


Extinct for 250 million years 
Abundant 600mya 
Tri-lobed shaped body, pair of longitudinal grooves 


All body segments articulated so they could roll up into a 
ball & protect the soft ventral surface 


Probably bottom dwellers and scavengers 


Facial ure rope 


canal angle 
cian na 


rail toner 


Posterior 


ISOPODS (CRUSTACEAN) 


Convergent evolution — looks and rolls like a Trilobite. 


1. SUBPHYLUM CHELICERATA 


Ancient group 
No mandibles or antennae 


2 segments and six pairs of cephalothoracic appendages (on 
head and thorax) 

* 1 pair of chelicerae (define the subphylum) 

* 1 pair of pedipalps 

* 4 pairs of walking legs 


Spiders, ticks, mites, scorpions, horseshoe crabs, sea 
spiders 


SUBPHYLUM CHELICERATA 


Spiders, mites, ticks, horseshoe crabs, sea spiders 


Two body regions 


* Cephalothorax = “head-thorax” (prosoma) 
- Eyes 
+ Chelicerae (“fangs”) 
= Often pincer-like 
+ Usually feeding appendages 
+ Pedipalps 
+ Sensory, feeding, locomotion, reproduction 
» Walking legs 
* Abdomen (Opisthosoma) 
+ Contains digestive, reproductive, excretory, and respiratory organs 


=== 
= 

FIGURE 15.23 — 
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The chelicerae (first set of appendages) are well developed in the Chelicerata, which 
includes scorpions (a) and spiders (b). (credit a: modification of work by Kevin Walsh; 
credit b: modification of work by Marshal Hedin) 


A. CLASS MEROSTOMATA 


+ Horseshoe crabs (5 
species worldwide) 


+ Book gills 
(in SI Н вала Peres eats reo ety 
+ Gas exchange 5 T 


between blood 
and water 
+ Reproduction 
+ Dioecious 
+ External 
fertilization 
+ Living fossil: 450mya 


CRABS, LIMULUS POLYPHEMUS 


A horseshoe crab 


Limulus sp. 


DORSAL VENTRAL 


Image Credis Рис 


endoparietal eye 


median eye 
ventral eyes 
(on underside) 


lateral eye compound eye 


photoreceptor array 


B. CLASS PYCNOGONIDA 


Sea spiders 
4 pairs of walking legs 


Suctorial proboscis 


Small abdomen 
Males use ovigers (pair of legs) to carry egg masses 


C. CLASS ARACHNIDA 


Over 80,000 species described 


Spiders, scorpions, whip scorpions, pseudoscorpions, ticks, mites, 
harvestmen, etc. 


Prosoma (cephalothorax) and Opisthosoma (abdomen) 


Book lungs, tracheae or both 


b. Order c. Order 
Scorpionidae Acari 
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(a) Wot spider (0) Scorpion with young (e) Chigger mite (6) Bont tieks 
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Anatomy of a jumping spider 
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Opisthosoma Eyes 
(abdomen) 


Prosoma 
(cephalothorax) 


EM 

4 

Б Pedipalp 

Walking Chelicerae 
legs 


SPIDER SIMPLE EYE PATTERNS 


Linyphiidae Dysderidae Dictynidae 


Anyphaenidae Amaurobiidae Agelenidae 2 


. ? 


Theridiidae 1 Tetragnathidae Sicariidae 


Philodromidae Oxyopidae Oecobiidae 


Cybaeidae 


Agelenidae 1 


Scytodidae 


EN 
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Miturgidae 


SPIDER ANATOMY 


/ | 


Booking” | оша | 


Sperm receptacle sike gland 
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FIGURE 28.43 — 

openstax” 


The trapdoor spider, like all spiders, is a member of the subphylum Chelicerata. (credit: 
Marshal Hedin) 


GOLIATH BIRDEATER SPIDER 


GOOTY SAPPHIRE ORNAMENTAL SPIDER (DORSAL) 


GOOTY SAPPHIRE ORNAMENTAL SPIDER (VENTRAL) 


we 


SPIDERS 


Silk 


* Protein with repeating sequence of amino acids glycine-alanine 
* Stored as gel prior to spinning 
* Chemical modification when forced through spinnerets 


Functions of silk: 
* Webs 
* Line retreats 
+ Safety lines 
+ Wrapping eggs 
* Dispersal of young (ballooning) 


(a) Normal web. (b) Web spun by spider fed (c) Web spun by spider fed 
with prey containing caffeine with prey containing 
marijuana 


(a) Normal web. (b) Web spun by spider fed (c) Web spun by spider fed 
with prey containing caffeine with prey containing 
marijuana 


(a) Normal web. (b) Web spun by spider fed (c) Web spun by spider fed 
with prey containing caffeine with prey containing 


marijuana 


SPIDERS 


Excretion 
* Malpighian tubules (like kidneys — excretory) 


* Regulate potassium and water to be efficient in dry environments 
Sensory 


* 8 simple eyes 
* Hairlike setae 


SPIDERS 


Reproduction 


* Often have courtship rituals 
* Males store sperm packets in pedipalps and transfer to female 
Venom 


* Most are not dangerous to humans 


* Few can have severe or fatal bites 


Copyright © McGraw-Hill Education. red for reproduction or display. 


Lattodectus - Black widow 


a: CDC; bi © Gregory б. Dimiian, M.D /Science Source 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


ORDER SCORPIONIDA 


Scorpions 

All predaceous 
* Pedipalps to capture prey 
* Chelicerae to rip apart 


Short cephalothorax (has appendages), 
abdomen with stinging apparatus 


Well developed young with maternal care 


d. Order Solpugida 
Solpugids (sun or camel spiders) 
Large chelicerae to shred prey 


e. Order Opiliones 


Harvestmen 


No constricting between head-thorax and 
abdomen 


Legs easily shed if grasped 


ORDER ACARI & 
Ticks and mites ia 
Cephalothorax and abdomen completely fused 


Mouth parts different on each species. 
Some are free living while others are parasites 


Can transmit diseases and can cause economic 
harm (Lyme's disease, Rocky Mountain spotted 
fever, Encephalitis, Tularaemia) 


House dust mite 


2. SUBPHYLUM MYRIAPODA 


2 body sections 
Head and trunk 


1 pair of antennae 


771 


Mandible and 2 pairs of maxillae 


1or2 legs on each side of each segment 


(a) The centipede Scutigera coleoptrata has up 
to 15 pairs of legs. 


(b) This North American millipede (Narceus 
americanus) bears many legs, although not 
one thousand, as its name might suggest. 
(credit a: modification of work by Bruce 
Marlin; credit b: modification of work by Cory 
Zanker) 
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* Predators 


+ Each segment contains one pair of 
legs (15-173 segments) 


* Appendages on first segment are 
modified to venom claws 


Pair of eyes consists of group of 
ocelli ai 


CLASS DIPLOPODA 
Millipedes 


Cylindrical bodies (round cross section) 


2 pairs of legs per segment (2 segments fuse during 
development), except near the head. Born with 6 
segments and only 3 pairs of legs, they gain more of 
each with each moll. («20 to »300 segments, 
depending on species) 


Typically herbivorous (eat decaying plant matter) 
Glands produce hydrogen cyanide to repel animals. 


3. SUBPHYLUM CRUSTACEA - ~ 
30,000 SPECIES 


CHARACTERISTICS 


* BIRAMOUS appendages 
* 2 pairs of ANTENNAE 


* 1 pair of MANDIBLES and 2 pairs of MAXILLAE 
* HEAD, thorax (the two often fused), and abdomen 


* Compound and simple eyes 
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Living decapod crustaceans 
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f Cephalothorax Abdomen 
Rostrum[ 13 segments ][ 6 segments 
Eye. _ Carapace 


Mandible 
Maxillae 


(first leg) 


General body plan 
Walking legs of Malacostraca 


LOBSTER CHELIPEDS 
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External structures of crayfish 


‘Antenna 
Antenna 
Cheliped [ \ | 
(first walking Cheliped 
leg) ES 
Rostrum. Exopod of 
first maxilliped 
Eye cond 
Second maxilliped 
walking leg Mouth 
Third y rd 
walking leg Y, Ny maxilliped 


walking leg 
cM 
walkin 
Fourth 20 
walking leg 


Cervical grooves NG 
Fourth N 


First (copulatory) 
walking leg „gwimmeret of male 
Second 
Fifth Nu swimmeret 
walking leg. 7 ‘Swimmerets 3 to 5 
Abdomen Sternum 
Telson миз, 
A  Uropod Uropod 


PHYLUM ARTHROPODA 


Ecdysis 
* Molting occurs often in young animals and may cease in 
adults 
* Necessary for a crustacean to increase in size the 
* Exoskeleton does not grow 
* Underlying epidermis secretes cuticle 
* contains protein, calcium salts, and chitin 


* Hermit crab with glass shell 


Giant spider crab molt 


GIANT SPIDER CRAB MOLT 
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Internal structures of crayfish 


Cephalothorax Abdomen 
1 1 
[Eve Brain Stomach Heart | 
Antenna Rostrum 


Pericardium 


Digestive Copulatory 
gland swimmeret 


SUBPHYLUM CRUSTACEA 


* Open circulatory system 


* Depends less on heartbeats and more on 
movement of organs and limbs to circulate blood 


* Hemocyanin (copper based) and/or hemoglobin (iron 
based) are respiratory pigments 


SUBPHYLUM CRUSTACEA 


Reproduction and Life Cycles 


* Diversity of Reproduction 


* Most crustaceans have separate sexes 


* Mostcrustaceans brood eggs in brood chambers, in egg sacs 
attached to the abdomen, or attached to abdominal appendages 
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„/Protozoea 
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Meganyctiphanes "northern krill " 


Class Branchiopoda à 


Flattened, leaf-like legs (phyllopodia) serve as respiratory 
organs, assist in suspension feeding, and in some, 
locomotion 


Most are freshwater, important component of 
freshwater zooplankton 


Daphnia 


An ostracod 


Class Ostracoda 


Class Copepoda 


A copepod 


Isopoda 


SUBPHYLUM CRUSTACEA 
Class Cirripedia (barnacles) 


Adults are sessile and attach directly (acorn barn: 
or by a stalk (goose barnacles) 


Head is reduced, abdomen is absent, and thoracic legs 
are long with hairlike setae 


Jointed cirri bear setae and extend from the plates to 
feed on small particles 


| BARNACLES 


SUB- PHYLUM HEXAPODA 
THE INSECTS 


Number of species identified: > 1,000,000. Most 
speciose animal taxon. Estimates of # of species vary 
from 2-30 million. 


Freshwater, terrestrial, parasitic, aerial, but largely 
NOT marine. From a human perspective, astounding 
importance and impact. The study of insects is 
ENTOMOLOGY. 


* Subphylum Hexapoda 
* Wings crucial to success - outgrowths of body wall 


* ~ 35 orders - differences in wings, mouthparts and 
other structures 

* Separate sexes with internal fertilization 

* Metamorphosis 


* Complete - 4 stages, adult and larval stages very different 
* Incomplete - 3+ stages, young resemble miniature adults 


ма 


Wings and Flight 
*Only invertebrates that fly 


*2 pairs of wings can be present, modified, or 
absent 


CHARACTERISTICS (IN ADDITION TO THE GENERAL ARTHROPOD 
CHARACTERISTICS) 


* 3 body parts - HEAD, THORAX, AND ABDOMEN 

* 3 pairs of legs, attached to the thorax. 

* 2 pairs of wings (many exceptions), also attached to the thorax 
* 1 pair of ANTENNAE 

* 1 pair COMPOUND EYES 


* Mouthparts highly variable, (but the typical condition is a pair of 
MANDIBLES, a pair of MAXILLAE, a LABRUM, and a HYPOPHARYNX.) 


* Gaseous exchange via TRACHEAE, opening at SPIRACLES 
* METAMORPHOSIS - either: 

HEMIMETOBOLY (incomplete) - egg, NYMPH(S), adult 
* OR 

HOLOMETABOLY (complete) - egg, larva, pupa, adult 


External Features 
*Head 
* Compound eyes, pair of antennae, 3 ocelli 
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Compound eye of an insect 
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Pigment 
cells 
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Female grasshopper 
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tympanum forewing 


simple 


eye compound hindwing 
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Spiracle tracheae 
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Adaptive legs of a worker honey bee 


Trochanter соҳа 


cleaner 
Metatarsus й 
comb 
Tarsus. Pollen 
brush 


J Hindleg 
Midleg Hindleg(Medial view) 
(lateral view) 


Foreleg 


Mouthparts: labrum, mandibles, maxillae, labium, hypopharynx 


Butterfly Mosquito 
Grasshopper , 
| } 
antenna labrum | | 
A | 
і 
mandible | 
| 
i Fy 
maxilla | 
palps | 
d 
labium 
Figure 25.32 
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Class Insecta 


* Feeding 


— Determined by mouthparts- chewing or sucking (mosquito 


) 


— Some suck on plant juices or chew plant parts. 
— Some are scavengers, eating dead animals 

— Some are parasites (don't kill their host) 

— Some are parasitoids (in this case the host dies) 


— Some are predators, eating other insects, 
* Or even vertebrates! 


Mosquito feeding 


Chewing with mandibles 


Parasitoid 


Praying mantis eating 
grasshopper (start at 
1:00) 


Ants eating vertebrate 
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Silkworm larva Silkworm moth 
Japanese beetle Checkered beetle 
Types of 
insect 


Yellow jacket Syrphid fly antennae 


Class Insecta 


* Nutrition 
— Digestive system: 
* Foregut: mouth, esophagus, crop 
* Midgut: stomach, gastric ceca 
* Hindgut: intestines, rectum, anus 
* Foregut and hindgut lined in cuticle and shed 
* Midgut does most of the absorption 


Е К | 
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Abdomen Thorax 


Dorsal blood 
vessel Cerebral 
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Anus 
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spiracles ‘Stomach Pharm 


In this basic anatomy of a hexapod insect, note that insects have a developed digestive 
system (yellow), a respiratory system (blue), a circulatory system (red), and a nervous 
system (purple). 


Respiratory 
Tracheal system directly to cells 
Uses concentration gradient 
Spiracles - tracheae tubes (cuticle) 
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Orders of Insects 


Hemimetabolous Holometabolous 

* Grasshoppers * Butterflies 

* Dragonflies * Beetles ES 
* Roaches * Flies and mosquitoes 

* Termites * Bees 


* True bugs * Fleas 
* Cicadas 
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Lice: 


Order Pthiraptera 
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Bark beetle damage to Ponderosa Pine 


(a) Worker and soldier ants 


(b) Queen ant 


Class Insecta 


Insects and Human Welfare 
* Beneficial 


— Produce 
* Pollination of crops 
* Honey and beeswax 
* Silk 
* Shellac 
— Predators eat destructive insects 


— Clean up of dead material 


‘Shellac is a resin secreted by the female lac bug, 
on trees in the forests of India and Thailand. Itis 
processed and sold as dry flakes (pictured at right) 
and dissolved in ethanol to make liquid shellac, 
which is used as a brush-on colorant, food glaze 
and wood finish, 


Shellac - Wikipedia, the free encyclopedia 
https:/fen.wikipedia.org/wikl/Shellac Wikipedia ~ 


Са 


Class Insecta 


Insects and Human Welfare 


Harmful 

— Destroy plants causing economic losses 
— Carriers of diseases 

— Blood-sucking or biting species 

— Destruction of property 


Locust plagues 


Class Insecta 


Insects and Human Welfare 
* Control 
— Chemical insecticides 
— Biological controls 
* Bacterial, viral, or fungal pathogens 
* Introduction of natural predators or parasite 
* Interfere with reproduction or behavior 
— Combination 


Reported Agricultural Pesticide Use 


In Fresno County 
* А " прад 
Total Pounds of Active Ingredient Applied Per Square Mile 


Pesticide Use 
Ibs / square mile 

1- 5000 

| 5.001- 15000 

15,001 - 35,000 

\шш 35,001- 60,000 

0,001 - 180,000 

> 200000 
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36,319,000 
22,838,000 
16.208.000 
11.837.000 
10.049.000 
9,419,000 
8.482.000 
8,285,000 
6,481,000 


6,364,000 


Some Major orders of Insects 
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Phylum Tardigrada 


Known as "water bears' 
Very small, less than 1 mm long 

“About 900 live in a water film around mosses and lichens 

Most are terrestrial that occupy a film of water surrounding mosses and 
lichens 

‘Trunk bears eight short unjointed legs, each with claws 

“A pair of stylets and sucking pharynx protrude to pierce nematodes or plant 
cells 

‘Body covered by cuticle that is molted four or more times during lifetime 
‘Most of the body cavity a hemocoel (small cavity that fills with blood. 

‘No circulatory or respiratory systems 


Phylum Tardigrada 


+ Cryptobiosis 
* Terrestrial tardigrades can suspend metabolism to survive harsh conditions 
+ Tardigrades can dehydrate from 85% water to only 3% water 


* In this state they can resist extreme temperatures, ionizing radiation, oxygen deficiency, 
etc. for years 


* When water is available, they become metabolically active again 


Phylum Tardigrada 


* Reproduction 
* Sexes are separate 


+ In parthenogenetic freshwater and moss-dwelling species, 
males are unknown 


Tardigrades 


* Little known about them. 
* Can survive: 
+ 300°F degree temps 
* 460°F degrees below zero 
* the vacuum of space 
* 1000 atmospheres of pressure 
* X-rays, ultraviolet radiation 
* Click "Tardigrades" above to watch short video 


= Phylum Echinodermata 
H Modified secondary pentaradial symmetry — 5 parts 
= Secondary because larvae are bilateral 
H Cephalization absent – no head 


= Phylum Hemichordata 
= Phylum Chordata 


The Echinoderms — Phylum Echinodermata 


Number of species identified: ~7,000 living, 20,000 fossil. One 
word for this group — WEIRD. They have a unique 


combination of characteristics totally unlike any other animal 
phylum. 
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Different members of Echinodermata include the (2) sea star of cass Asteroidea, (b) the brittle star of class 
Ophiuroidea,(- tne sea urchins of class Echinoidea, (©) the sea Шез belonging lo class Crinoidea, and (=) 
sea cucumbers, representing class Holothuroidea, extinct subclass of asterazoan from about 500 mya 

© (ered a: madícao ol work by Adrian Pingstone; credit medica ot work by Joshua Ganderson cred c 
rodea ot work by Samuel Chow. cedit modeston ol work by Sarah Depper crede: modeston of work by ES 
Bierman: cedit re of Lie web poet) 
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CLASS CRINOIDEA - crinoids (sea lilies and 
feather stars): Antedon 


CLASS ASTEROIDEA - sea stars or starfish: 
Pisaster, Asterias 


e 
CLASS OPHIUROIDEA - brittle stars: Ophi hp 4 G ET d " 
CLASS ECHINOIDEA - sea urchins and sai 
dollars: 


Strongylocentrotus 


CLASS HOLOTHUROIDEA - sea cucumbers. 
Cucumaria 


Asteroidea: Sea Stars: Characteristics 
* Open ambulacral grooves 

* Pedicellariae present 

* Tube feet on oral side 

* Anus and madeporite aboral 

* Top predator in its environment 


ls Te RS eT Fer 


External anatomy of asteroid 
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Internal anatomy of a sea star 
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Ambulacral 
ridge 
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Northern Pacific 
Sea Star 


Labidiaster sp. 
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Thorns Sea Star 


FREE IR TR SE A ivi an e RTI: 


Asteroid metamorphosis 


Left somatocoel Hydrocoel 
Original anus 
(disappears) 
{N Right 
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New mouth 
(left side) 
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Left New anüs 
axocoel Original mouth 
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"ны Larvae of echinoderms 
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Bipinnaria Brachiolaria 


Echinopluteus Auricularia Doliolaria 


The Pacific Coast seastar, 
Pisaster ochraeus — a 
keystone species currently 
suffering from a wasting 
disease 


Brittle, basket and serpent stars: a > 


Characteristics 
Arms sharply demarcated from central disk 


Close ambulacral grooves, covered with 
ossicles 


Pedicellariae absent 


Tube feet without suckers and NOT used for 
locomotion 
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m A spiny brittle star 
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Sea Urchins and Sand Dollars: 
Characteristics 
Globular or disk-shaped, no arms 
Close fitting TEST, with moveable spines 


Tube feet with suckers 
Pedicellariae present 
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Internal structure of sea urchin 
Stone Genital pore 
canal Periproct /yadreporite 
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Esophagus Siphon 
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Spine 
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Aristotle's 
lantern 
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Sea urchin 
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CLASS HOLOTHUROIDEA 
Sea Cucumbers: 
Characteristics 
Cucumber-shaped, spines absent 
Ossicles embedded in muscular body wall 
Circumoral tentacles 
Pedicellariae absent 
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Sea cucumber (CLASS HOLOTHUROIDEA) 


Stomach 
Gonad: Madreporite 


Longitudinal Water ring 


Polian vesicles 
Retractor muscles 


Respiratory tree 


Anatomy of sea cucumber 
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Crinoids, sea lilies and feather stars: 
Characteristics 
5 arms branching at base 


Ciliated ambulacral grooves on oral surface, with 
tentacle- like tube feet for food gathering 


On an aboral stalk 
No spines, madreporite or pedicellariae 


— "Living crinoid _ 
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Crinoid structure 


Interambulacral area 
Ambulacral 
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Characteristics 


Calcareous endoskeleton composed of separate plates or 
OSSICLES 


Pentaradial symmetry (derived from bilaterally symmetrical 
larval forms) 


Deuterostome 

Water vascular system ("tube feet") 

Complete gut (but secondarily lost in some species) 
Decentralized nervous system 

Entirely marine 

Ciliated epidermis and PEDICELLARIA (not in all) 
NO excretory system 


Autotomy - Can intentionally detach body part that will later 
regenerate 


Dioecious 
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EARLY CHORDATES 


u = 0 
Phylum Chordata 


" Key distinguishing 
innovations 
1. Notochord 
2. Dorsal hollow nerve cord 
Pharyngeal slits 
Postanal tail 


5. Endostyle 
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PHYLUM CHORDATA - The Chordates 


* Notochord present at some stage in development 


* Single, dorsal, tubular nerve cord, anterior enlarged to form a 
BRAIN 


* Pharyngeal pouches Фф GILL SLITS 
* Postanal tail 

* Endostyle 

* Segmented muscles in unsegmented trunk 
* Complete digestive tract 


* Most members of the phylum (except the two subphyla below) 
have an ENDOSKELETON of BONE or CARTILAGE 


: IE 
Figure 29.3 = 
Dorsal hollow openstax- 
nerve cord 


Notochord Post-anal tail 


Pharyngeal slits 


Endostyle 


® In chordates, five common features appear at some point during development: a notochord, a dorsal hollow nerve 
«cord, pharyngeal sits, endostyle and a post-anal tail. 
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Notochord Brain Dorsal nerve cord 
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Segmented myotomes between 


Pharyngeal slits between septa anchored to notochord 


Centrum of 
vertebra 


Notochord Rum 


Neural spine. 
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Structure of the notochord 


Notochord 


Fibrous sheath Elastic sheath 
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L Phylogenetic tree of chordates (Il) 
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Cladogram of chordates 
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Subphylum Cephalochordata 

= Lancelets 
m 26 species 
= All marine filter feeders 
= Characteristics as for the phylum 
m Gas exchange across body surface 


= Usually sessill'BtltEan leave burrow and swim 
Dorsal hollow nerve cord 


Pharyngeal slits 
Endostyle 


Post-anal tail 


Branchiostoma 
(Amphioxus) 
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Subphylum Urochordata 


= Tunicates — animal encased in tunic or test 
™ 3,000 marine species 
= Adult is sessile with only pharyngeal slits 


= Larvae tadpole-like exhibiting all 5 chordate 
hallmarks 

™ Urochordates are closest living relatives of 
vertebrates 


2 Cephalochordates like lancelet more closely related to 
echinoderms 


E Filter feeders with two siphons 


Figure 29.4 
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(2) This photograph shows a colony of the tunicate Botrylloides violaceus. (b) The larval stage of the tunicate 
possesses all of the features characteristic of chordates: a notochord, a dorsal hollow nerve cord, pharyngeal 
slits, and a post-anal tail. (c) In the adult stage, the notochord, nerve cord, and tail disappear. (credit: modification 


of work by Dann Blackwood, USGS) 
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= Rudimentary circulatory system 
= Simple nervous system 


= Mostly hermaphroditic En 


Cnidaria and 


Ctenophora 
(hydra, 
Porifera anemones, Platyhelminthes Rotifera Bryoroaand  Mollusea (snails, 
sponges) jellyfish)  (Matworms) (rotifers) Brachiopoda clams, squid) 
Arthropoda 

Annelida insects, Echinodermata — Chordata 
(segmented Nematoda arachnids, (sea star sea (vertebrates 
worms) (roundworms) crustaceans) urchins) and others) 
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Cladogram of chordates 
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CRANIATA - THE Craniates: 
Animals with skulls 


These are the animals that you are probably the 
most familiar with. There are » 53,000 species of 
craniate. With the exception of the HAGFISH, all 


craniates are also VERTEBRATES - ANIMALS WITH 
BACKBONES 


Characteristics 


The same as the phylum Chordata, + 


Endoskeleton of CARTILAGE or BONE, with a vertebral 
column that surrounds the dorsal nerve cord. Two pairs of 
limbs or fins in all except the jawless fish. 


Notochord only present during embryonic development 


Closed circulatory system with ventral heart of 2-4 
chambers 
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of fishes 
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Ancestry and Relationships of Major 
Groups of Fishes 


* Agnathans - "No jaws" 
* Include living hagfishes and lampreys 
* Hagfishes lack vertebrae 
* Lampreys have rudimentary vertebrae 


* Included in subphylum Vertebrata because they have a 
cranium 

* Although they look very similar and are both jawless, 
hagfish branched off from the ancestral group long before 
modern lampreys arose. 


Living Jawless Fishes 


Overview 


* Living jawless fishes include hagfishes and lampreys 
* Members of both groups lack jaws, no internal bone, no 
scales, no paired fins 
* Both groups share porelike gill openings and an eel-like body 


Class Myxini 


* Hagfish 


* Jawless marine fish that lack 
vertebrae (but have a skull) 


* Notochord and a cartilaginous 
skull 


* Essentially blind but with a 
keen sense of smell 


* Copious amounts of slime 
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The Atlantic hagfish (Myxine) 


NOT a vertebrate, but a craniate 
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Living Jawless Fishes 
Hagfishes 


* Entirely marine 


* Scavengers and predators of annelids, molluscs, dead 
or dying fishes, etc. 


* Enters dead or dying animal through orifice (hole) or 
by digging inside using keratinized plates on tongue 


* Nearly blind 
* Locate food by an acute sense of smell and touch 
* To provide leverage 
* Ties knot in tail and passes it forward to press against prey 
* Special glands along body secrete fluid that becomes slimy in contact 
with seawater 
* Hagfish video 


* Body fluids the same as seawater 


Above: Hagfish resting ina tank. 


Left: Hagfish face. A ring of 
sensitive tentacles surround the 
hagfishis mouth. 

Below Researcher holds up a 


handful of hagfish slime, a 
defensive mechanism for this 
animal 


Class Petromyzontida 
(Hyperoartia) 


* Lampreys 


* Lack hinged jaw and true 
appendages 
* Agnathan = jawless 


* Have a notochord and 
rudimentary vertebr^! 
column 


Actinopterygii 
Sarcopterygii 


Chondrichthyes 


Ancestral vertebrate 


Reptilia 


(a) Jawless mouth of a sea lamprey (b) A sea lamprey feeding 


* One of earliest diverging groups of vertebrates 
* Found in marine and freshwater 
* Marine lampreys parasitic as adults 


Living Jawless Fishes 


* Parasitic Lampreys 
* Marine, parasitic lampreys migrate to the sea 
* Other species remain in freshwater 
* Attach to a fish by a sucker-like mouth 
* Sharp teeth rasp through flesh as they suck fluids 
* Inject anticoagulant into a wound 
* When engorged, lamprey drops off but wound may be fatal to fish 
* Parasitic freshwater adults live 1-2 years before spawning and dying 


Living Jawless Fishes 
* Reproduction and Development 


* Ascend freshwater streams to breed 
* In North America 
* All spawn in winter or spring 

* Males build nest by lifting stones with oral 
discs and using body vibrations 

* As eggs are shed into nest, the male 
fertilizes them 

* Adults die soon after spawning 

* Eggs hatch in two weeks into ammoceoti 
larvae 


* Suspension-feeder until it metamorphoses into 
an adult 
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Living Jawless Fishes 


* Nonparasitic lampreys do not feed as 
adults 
* Digestive tract degenerates as an adult 
* They spawn and die 


Living Jawless Fishes 


* Sea Lamprey Invasion of the Great Lakes 
Region 
* No lampreys were in the U. S. Great Lakes west of Niagara 
Falls until the Well and Ship Canal was deepened between 
1913 and 1918 
* Sea lampreys moved first through Lake Erie to Lakes Huron, 
Michigan, and Superior 
* Lampreys prefer to eat lake trout 
* Destroyed this commercial species along with overfishing 
* Lake trout are recovering due to a Restocking program 
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Gnathostomes: 
Jawed Vertebrates 


* Hinged jaws developed from the pharnygeal arches 


* Evolution resulted in the modification of an existing 
feature to form the jaw 
* Some gill arches were lost, some modified 
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el Modern jawed fishes (cartilaginous and bony fishes) 
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ELASMOBRANCH (sharks and rays) 
CHARACTERISTICS- details 


Fusiform (spindle-shaped, tapering at both ends) body, 
HETEROCERCAL (unequal lobes) CAUDAL (tail) fin 


Ventral mouth - upper jaw NOT attached to skull 
Paired solid PECTORAL and PELVIC fins 

PLACOID scales 

Endoskeleton entirely CARTILAGE 

Separate and exposed gill slits (5-7) 

No swim bladder 

Well developed senses of smell, vibration, and ^ electroreception 
Internal fertilization 

2-chambered heart 


Chondrichthyes: Cartilaginous Fishes 
Overview - Sharks, Skates, and Rays 
* About 970 living species 


* Well-developed sense organs, powerful jaws, and 
predaceous habits helped them survive. 


* True bone (with minerals) is completely absent 
throughout the class (a derived character - a 
developmental change prevented ossification of 
cartilage.) Cartilage of skeleton is more flexible. 


* Mineral tissues retained in teeth, scales, and spines. 


* After whales, sharks are the largest living vertebrates, 
reaching 12 meters in length. 
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—Sharks are among the most gracefully 
streamlined of fishes 


—Thrust and lift provided by an asymmetrical 
heterocercal tail 


* Vertebral column turns upward and extends into 
dorsal lobe of caudal fin 


Chondrichthyes: Placoid scales 


— Tough, leathery skin with placoid scales (structurally homologous 
to human teeth). Fish scales in general coded for by same genes for mammal 
tooth and hair 


* Modified to form replaceable rows of teeth in both jaws 


Dentine Enamel 
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Basal plate Pulp cavity 


Placoid scales 
(cartilaginous fishes) 


Shark teeth 


Sharks are among the earliest fish to develop teeth. 


Sharks average out to 15 rows of teeth in each jaw. Although 
most have 5, and the bull shark that has 50 rows of teeth. 


Shark teeth are arranged in neat conveyor belt rows and can 
be replaced within a day of losing one. 


Shark teeth are not attached to gums on a root like our teeth. 
o Sharks typically lose at least one tooth per week. 


O Theinside of shark and human teeth contains a soft mineral 
known as dentin. 


Chondrichthyes: Senses 


* Prey can also be located from long distances 
sensing low frequency vibrations in the 
lateral line 

* Consists of nerves in interconnected tubes 
and pores on side of body 
* At close range, switch to vision 


Chondrichthyes: Sense organs 


* Electoreceptors 
* Up close, sharks are guided by bioelectric fields that surround 
all animals 
* Electroreceptors, the ampullae of Lorenzini, are located on the 
shark's head 


Lateral ine Ampullae 
of Lorenzini 


Opening to surface Lateraline canal 
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Joy 
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Olfaction in sharks 


* Olfactory chemical sensors 

* Detect prey at a distance by large 
olfactory organs sensitive to one 
part per 10 billion of blood in 
seawater 

* Use timing between signals at 
each nostril to figure out direction 
of prey 

* Also attracted to chemicals in prey 
intestines, and may accidentally 
hang out in areas where sewage 
dumps into the ocean. 


* Hammerhead shows nostrils far apart, 
with farther range of olfactory 
sensing. 
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Chondrichthyes: Reproduction 


* |n males, the medial part of the pelvic fin 
is modified to form a clasper used in 
copulation 
* Fertilization is internal 
* Maternal support of embryo is variable 
* Includes oviparous, ovoviviparous, 
and viviparous species 
* Oviparous - lay eggs 
* Ovoviparous - egg retained in 
female, no placenta 
* Viviparous - eggs develop in 
uterus, placenta nourishes young 
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Diversity of Elasmobranchian sharks 


Hammerhead shark 
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Great white shark 
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The dogfish shark (Squalus) 
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* Gills and spiracles 
* Breathing video 


Chondrichthyes: Cartilaginous Fishes 


* Form and Function of Rays 
* More than half of Chondrichthyes are rays 
* Dorsoventrally flattened body and enlarged pectoral fins 
used to propel themselves 
* Respiratory water enters through large spiracles on top of 
the head, gill openings are on underside of head 


* Teeth adapted for crushing prey 

* Molluscs, crustaceans, and sometimes small fish 
* Stingrays 

* Have whiplike tail with spines and venom glands 
* Electric rays 

* Have large electric organs on each side of head 


Electric organ 


Bony fish - Osteichthyes 


+ Three living classes or subclasses 
* Actinopterygii - ray-finned fish 
* Sarcopterygii 
* Actinistia - coelacanths 
* Dipnoi - lungfish 
* Note - the coelacanths and the lungfish are often 
grouped together in the Sarcopterygii 
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Bony fish > 25,000 species 


CHARACTERISTICS 
Bony skeleton, numerous vertebrae, HOMOCERCAL (equal lobes) tail 
Mucous glands in the skin, embedded dermal scales 
FIN RAYS of cartilage or bone 
Terminal anterior mouth 
OPERCULUM covers the gills 
SWIM BLADDER 
Fertilization usually external 
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Urinary bladder 
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bladder 
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from hemoglobin, O, 
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that of swim bladder. O, 
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* Actinopterygii - ray-finned fish 
* Includes all bony fish except coelacanths and lungfish 
* Fins supported by thin, bony, flexible rays 
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Anglerfish 


Bathypelagic 


Midnight zone 


When a male finds a female, he bites into her skin, and releases an 
enzyme that digests the skin of his mouth and her body, fusing the 
pair down to the blood-vessel level.[14] 


The male becomes dependent on the female host for survival by 
receiving nutrients via their shared circulatory system, and provides 
sperm to the female in return. After fusing, males increase in volume 
and become much larger relative to free-living males of the species. 
They live and remain reproductively functional as long as the female 
lives, and can take part in multiple spawnings.[2] This extreme sexual 
dimorphism ensures that when the female is ready to spawn, she has 
a mate immediately available.[15] 


Multiple males can be incorporated into a single individual female 
with up to eight males in some species, though some taxa appear to 
have a "one male per female" rule.[2] һеле оман 


* Actinistia - coelacanths (lobe finned fish) 
* Believed extinct until 1938. Deep-water fish 
* Special intracranial joint in skull gives powerful bite 
* Notochord remains and is oil-filled 


* Swim bladder filled with oil rather than gas 
- still used for buoyancy - so is braincase...98.5% 


so 


NAT GEO 


* Dipnoi - lungfish (lobe finned fish) 
* 3 genera with 6 species 
* Live in oxygen-poor freshwater 
* Both gills and lungs - can drown if unable to breathe air 


* Muscular lobe fins allow them to traverse land when lake dries 
out 
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Lungfishes 


Sarcopterygii 


Link to video above - 
click on picture 


dd 0 
African lungfish 


South American lungfish 
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Lungfishes 


Sarcopterygii 


Link to video 
above - click 
on picture 


South American lungfish 


Tetrapods: Gnathostomes 
with Four Limbs 


Transition to land involved adaptations for locomotion, 
reproduction, and to prevent desiccation 


Sturdy lobe-finned fishes led to the evolution of animals 
with four limbs 


Vertebral column strengthened, hip and shoulder bones 
braced against backbone 


Relatively simple changes in gene expression, especially 
Hox genes 


Hox 
genes 9 


Y Y Y 
س‎ AA) کے‎ d جڪ‎ 
Scapula 


Humerus Radius, ulna, Carpals Metacarpals 
some carpals and phalanges 


Proximal > Distal 


Hox genes 9-13 work together to specify limb formation from proximal 
to distal (from the point of attachment to the body to the end of the 
limb) 


Transitional taxa 


E.g. Tiktaalik rosae, or the Fishapod (discovered 
2004) 


Fishapods had broad skulls, eyes on top, lungs, 
pectoral fins with 5 finger-like bones 


Species increasingly fed on land but was still tied 


to water for reproduction 


GRE The MeGrm Companies, Ine. Pension required for reproduction or display: 


320mya Cacops 
was similar to 
modern amphibians 


(Feature INVESTIGATION 


DAVIS AND COLLEAGUES PROVIDE A 
GENETIC-DEVELOPMENTAL EXPLANATION FOR 
LIMB LENGTH IN TETRAPODS 


Specific Hox genes are responsible for determining limb formation in 
mice 


Experimental mutations in the genes HoxA-11 and HoxD-11 resulted in 
the loss of the radius, ulna, and some of the carpals 


Relatively simple mutations can control relatively large changes in limb 
development 


oput O Tho Weüre VA Comparten, Ine: Permission required Ter ороон ое ор 


Reptiles, birds and mammals 


Frogs and 
© 
E toads 


Early tetrapod 
evolution Anthracosauria 


Early tetrapod | 
groups related to amniotes >. | [Amniota p 
I— a 52 
Ichthyostega > 8 Salamanders 
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Caecilians 


Devonian Carboniferous Permian 


PALEOZOIC |MESOZOIC| CENOZOIC 


CRANIATA - CLASS AMPHIBIA — 


THE AMPHIBIANS 
Amphibians are the first of the TETRAPOD (four limbs) 
taxa. The tetrapods (amphibians, reptiles, birds, and 
mammals) form a monophyletic group. There are — 4,000 


living species of amphibian. 


AMPHIBIANS 


Successfully invaded land but must return to 
water to reproduce 


Cyclostomata 
Sarcopterygii 


Buccal (mouth) pumping to force air into 
lungs, with additional respiration through 
thin, moist skin, and gills in larval forms. 


Ancestral vertebrate 


MOVEMENT ONTO LAND 


Physical differences that must be addressed when 
moving from water to land? 


MOVEMENT ONTO LAND 


Physical differences that must be addressed when 
moving from water to land 


* Air is 1000 times less dense 


* Provides less buoyancy than water 
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Physical differences that must be addressed when 
moving from water to land 
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MOVEMENT ONTO LAND 


Physical differences that must be addressed when 
moving from water to land 
* Air is 1000 times less dense 


* Provides less buoyancy than water 
* Limbs and skeleton must support more weight 


* Air changes temperature more rapidly than water 
* Animals must adjust to these extremes 


EARLY EVOLUTION OF 
TERRESTRIAL VERTEBRATES 


Tetrapods 


* Have stronger backbone 
* Muscles to support the body in air 
* Muscles to elevate the head 


* Stronger shoulder and hip girdles 
* More protective rib cage 
* Modified ear structure to detect airborne sounds 


Löw. P., Molnár, K., Kriska, в) Rana sp). In: Alas of Animal Anatomy 
and Histology. Springer, Cham. lps ol arg 319.28172-1 10 


AMPHIBIAN CHARACTERISTICS 


-Entirely freshwater or terrestrial 
“Bony skeleton, variable numbers of vertebrae, ribs present or absent 
"Wide variety of body forms 

"Usually four limbs 

“Smooth, moist skin with glands: no scales 

"Large, toothed mouth: paired nostrils opening into anterior part of mouth 
‘Lungs, gills, or skin used for gaseous exchange 

Circulatory system with THREE-CHAMBERED heart, double circulation: a 
SYSTEMIC circulation to the body, and a PULMONARY circulation to the 
lungs 

-Dioecious, fertilization internal or external, OVIPAROUS ог 
OVOVIVIPAROUS 

"Eggs are moderately yolky, with jelly like covering 


MODERN AMPHIBIANS 


"Thin skin loses water rapidly 
™Restricts them to moist habitats 
"Ectotherms 
S Body temperature depends on environment and 


restricts range 
"Eggs easily dessicate and must be shed into 
water or kept moist 


MODERN AMPHIBIANS 


Respiration 
* Wide array of respiratory mechanisms 
* Use skin for respiration 
* At various stages, may also have external gills, 


lungs, both gills and lungs, or neither 

* Salamanders with aquatic stage hatch with gills 
which are lost at metamorphosis 

* Several species fail to undergo metamorphosis and 
retain gills and a fin-like tail 


160 species. 


Elongate, limbless, burrowing creatures found in tropical 
forests and streams. (Central and South America, Africa, 
south Asia.) 
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CAECILIANS 


Caecilians: Order Gymnophiona 


Elongate, limbless, burrowing animals (look 
like snakes) 


Inhabit tropical forests in South America, 


Africa, India, and Southeast Asia 


Bodies have many vertebrae, long ribs, no 
limbs 


Feed primarily on worms and small 
underground invertebrates 


‘Sasi wi йе or memes, which modi he 


ORDER CAUDATA- SALAMANDERS AND 
NEWTS 


360 * species. 
Characteristics 


* Tailed 
Typically small (15 cm or less) 


Usually aquatic larvae and terrestrial adults 
* PAEDOMORPHOSIS in some species 


Carnivorous as both larvae and adults 


Life history of a newt 
4 y Red ett | N | 
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Paedomorphosis in salamanders 


Common mud puppy 
(Necturus maculosus) 


prandii ToU canumi 


MODERN AMPHIBIANS 
In Mexico and the U.S. 


* Ambystoma tigrinum may stay in a gilled stage as an 
axolotl 

s en ponds dry up, may metamorphose into a terrestrial 
form and migrate to a new pond 


Sirene 
[Taisha torosa rl 


Poisonous — handle 
with care 


Japanese Giant Salamander Video 


® http://news.nationalgeographic.com/new 
s/2009/12/091231-salamander-video-wcvi 


n.html 


ORDER ANURA - FROGS AND TOADS 


7 3,500 species. 


CHARACTERISTICS 
‘Tails absent in adults 


‘Egg « larva (TADPOLE) $ adult 

*Head and trunk fused together 

*6-10 vertebrae, with UROSTYLE 
Fertilization external, aquatic, AMPLEXUS 


MODERN AMPHIBIANS 


Feeding and Digestion 
* Most adult are carnivorous 
* Feed on insects, spiders, worms, slugs, etc. 


* Catch prey with a tongue that is attached at the front of 
mouth 


* Free end of tongue is glandular 
* Sticky secretion adheres to prey 

* Any teeth that are present function to hold prey 
* Do not bite or chew 


* Short digestive tract 
* Larval stages of tadpoles are usually herbivorous 
* Digestive tract is relatively long 


Frog tongues 
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Tadpole begins 
. feeding on algae 


к= 75 Life cycle of a< 
7 mi then leopard frog a 
ERE т 
ge [oa grows over Г : 
б oum re Rosa 
Spiracle 
EN a Tail bud _ (е 


[Embryo nourished][Cleavage| = à 
by yolk. =e 


[Sexually mature| 
frog at 3 years 


[Male clasps female] 
(amplexus); eggs 
fertilized as they 

are shed. 


[Eggs surrounded] 
by jelly coats 
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MODERN AMPHIBIANS 


Life Cycle 


* Most larger frogs are solitary until breeding season 


* During breeding season, males are especially noisy 
when trying to attract a female 


Amplexus 
In spring, males call to attract females 
When eggs are mature, females enter 
the water and the males clasp them in 
amplexus. 


After fertilization, jelly layers of egg 
absorb water and swell. 

Eggs usually laid in large masses. 
Development begins immediately. 
Tadpole may hatch in 6-9 days. 


NOISY FROGS 


MODERN AMPHIBIANS 


"Eggs of most hatch into tadpoles with a long, 
finned tail, no legs, gills and specialized 
mouthparts for herbivorous feeding 


"Tadpoles look and act entirely different from 
adult frogs 


sep ma eran Congas ne. Femara any 


(a) Gelatinous mass of amphibian eggs (b) Tadpole (9 Tadpole undergoing metamorphosis 


Pouch-brooding frog. known 
as a “marsupial frog’, may transfer 
oxygen and nutrients within the 
vascularized pouch. 


Surinam toad 


Horned 


Mo | 
J marsupial frog 
À 4 7 4 
Northern Darwin's frog - 


7 The fungus Batrachochytrium 
C Strawberry poison dart frog & dendrobatidis may have led to its 
others transporting babies up into the extinction. Still have southern Darwin's 
forest canopy in poo! of bromeliad leaf, or frogs (Chile, Argentina). Male carries 
lo small pool of water in а crevice. tadpoles in vocal sack. 


SURINAM TOAD 


2542 


bullfrogs Treefrog with 
adhesive pads 


BULLFROGS - INTRODUCED TO CA - BUT EAT OTHER 
NATIVE FROGS. “GAPE-LIMITED PREDATOR?” = IF IT FITS IN 
‘THEIR MOUTH, THEY WILL EAT ITI 


Frogs of California 


African Clawed Frog, a pest species in CA 


World's largest frog from West Africa 7.5 pounds 


MODERN AMPHIBIANS 


Hibernation 
* During winter in temperate climates 
- Hibernate in soft mud in bottom of pools, get oxygen through their skin 


* Some frogs in the desert “hibernate” underground in summer, so they 
don't dry out 


* Frost-tolerant frogs 
* Have glucose and glycerol in body fluids (anti-freeze) 
* Protection from damaging effects of ice-crystal formation 
* Many are easy prey 
* Many species have suffered from changes in the 
environment and climate brought about by humans 


Amphibian decline and malformations - global issue 


MODERN AMPHIBIANS 


Specialized pigment cells, chromatophores, 
produce skin color in frogs 


* color to match with background and camouflage themselves 


* Some defend themselves with poison glands — these have warning 
coloration 


3 
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Amniotes: Tetrapods with a 
Desiccation-Resistant Egg 


Critical innovation was the development of a 
shelled egg that sheltered the embryo from 
desiccating conditions on land 


iH 
iH 
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Amniotic egg broke tie to water 


Ancestral vertebrate 
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Evolution 
of the 
amniotes 


Yolk sac: Encloses a 
Amnion: Protects reserve of nutrients. 
‘embryo in the Gets smaller with age. 
amniotic cavity. 


Chorion: Together with 
allantois, allows gas. 
‘exchange. 


Gets bigger with 
age. 


EGG MEMBRANES & PLACENTAL 
MEMBRANES 


Extraembryonic Membranes 


AMNIOTE SKULL STRUCTURE 


Anapsid - no temporal openings in the skull — Turtles are the only living anapsids 
— two temporal openings in the skull: Lizards and snakes, tuatara, crocs, 

and living birds 

Synapsid — one temporal opening: living mammals 


aj P 
Synapsid Mammalia Rnapsid 
Testudines 


Diapsid Reptiles (- turtles) 


LIVING ON DRY LAND 


Amniotic eggs - covered with shell — don't dry out 


Other key innovations for living on drier land: 
LiDesiccation resistant skin - scales 


Other key innovations for living on drier land: 
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Thoracic breathing — negative pressure sucks air in 


Other key innovations for living on drier land: 


ODesiccation resistant skin 
Thoracic breathing — negative pressure sucks air in 


OWater-conserving kidneys — concentrate waste prior to 
elimination 


Other key innovations for living on drier land: 
ODesiccation resistant skin 
Thoracic breathing — negative pressure sucks air in 
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elimination 


Internal fertilization - WHY necessary?? 


Other key innovations for living on drier land: 
ODesiccation resistant skin 
Thoracic breathing — negative pressure sucks air in 


OWater-conserving kidneys — concentrate waste prior to 
elimination 


Ulnternal fertilization 


Traditional classification has three living amniotes — reptiles, birds and 
mammals 


Birds are part of the reptilian lineage 


DINOSAURS 


Class Ornithischia — bird-hipped dinosaurs 
Class Saurischia - lizard-hipped dinosaurs. 
Legs of dinosaurs were positioned directly under the body 


(a) Omithischian (Stegosaurus) (Ы) Saurischian (Tyrannosaurus) 


Archaeopteryx lithographica 

Related to therapods group of saurischian dinosaurs 
Caudipteryx zoui 
Confuciusornis sanctus 

OCompletely feathered, lacking bony tail and toothed jaw 


(a) arcos Imogen bl apio pr 


CRANIATA - CLASS REPTILIA - THE 
REPTILES: TURTLES, SNAKES AND 
LIZARDS, CROCODILIANS, (BIRDS) 


18,000 + species (7,700 + traditional 


reptiles, 10,000 birds) 


CHARACTERISTICS OF REPTILES 


-Body covered with keratin epidermal scales, sometimes with bony plates (fish scales form 
in the dermis) 


-Paired limbs with (usually) five toes: absent in snakes and some lizards 
-Ribs with STERNUM (breastbone): forms a thoracic cage 

-Lungs 

-3-chambered heart: crocodilians with a 4-chambered heart 
-Ectothermic 

Paired kidneys: uric acid waste C¿H¿N¿Oy 

«Internal fertilization 


-SHELLED EGGS ~ calcareous or leathery. Extra-embryonic membranes — AMNION, 
CHORION, ALLANTOIS. NO larvae. 


EXCRETORY WASTE TYPES 


Proteins Nucleic acids 


Excretion: 
Disposal of 
Nitrogenous 
Wastes 


+ ammonia is too 
toxic to be stored 


+ land animals must 
dispose of Nitrogen 
in different form: 
Urea or Uric Acid 


+ Urea can be stored 
in conc'd. form but 
requires water for 
disposal 


* Uric acid allows for 
water conservation 


Amino acids Nitrogenous bases 


Most aquatic Mammals, 
animals, amphibians, 
including many 

fishes 


Birds, insects, 
many reptiles, 
land snails 


Uric acid 


TAXONOMY (LIVING TAXA ONLY) 


TESTUDINES - (turtles) 


SAURIA 
* Lepidosauria 


* Sphenodonta (Sphenodon)= Tuatara 
* SQUAMATA (snakes and lizards) 
* Archosauria 
* CROCODILIA (alligators and 
crocodiles) 
* AVES (birds) 


CLASS TESTUDINES 


Turtles, tortoises and 
terrapins 


Virtually unchanged for 2000) Groen turue 


million years 
Hard protective shell 


In most, vertebrae and ribs 
fused to shell 


Lack teeth but have sharp 
beak 


TURTLES 


All lay eggs. 
None provide parental care. 


Body has a shell: shell shape 
reflects ecology: 
Medium, terrestrial forms, like 


box turtle, have medium domed 
shell, and flexible lower shell 
(plastron) that allow the front 
and back portions to close the 
opening of the shell. 


Larger, terrestrial forms have high, domed shells. 


Smaller, terrestrial burrowing forms have less domed shells. 


SEA TURTLE 


Aquatic forms have low carapaces to reduce resistance when 
moving through water; 


SOFT-SHELLED TURTLE 


Fast swimmers. Reduced ossification of shell makes them lighter. Large feet with 
webbing. 


MATAMATA 


South American 
Cryptic 

Lobes on head sensitive to 
vibrations of prey. Opens 
mouth, expands throat, food rushes іп wiwa ` 


SNAKE-NECKED TURTLES 


South America, Australia, New 
Guinea 


Neck may be longer than body. 
Catch fish with a sudden dart of 
head. 


RESPIRATION 


Lizards used ribcage movement to draw air into the lungs. 
Turtles can't, because of fused ribs and rigid shell. 


Turtle lungs are attached to the carapace, and on the ventral side, the lungs are 
attached to connective tissue (which is attached to some of the body organs.) 


Exhale by contracting organs upwards. 


Inhale by contracting other muscles to increase body cavity, so organs settle 
and air is pulled in. 


TEMPERATURE REGULATION 


Need to warm up to speed digestion, growth and egg production. 
Turtles bask on structures in ponds and creeks. 


Higher temperatures can also kill algae and leeches on the turtle. 


Sun also stimulates vitamin D production, which affects calcium 
deposition in bones and shell. 


SOCIAL BEHAVIOR 


Use tactile, visual, olfactory signals. 


In pond turtles, after some initial courtship behavior, many males 
vibrate their claws against the sides of the female's head. Allows visual 
recognition. 


SOCIAL BEHAVIOR 


Terrestrial turtles use grunts, moans and bellows, plus glandular 
secretions during courtship. 


Territories may be marked with fecal pellets. 


In fighting, turtles bite to the head and limbs, and ram and hook shells 
to flip over. 


NESTING 


Oviparous 

Females excavate nest in sand or soil 

Clutch from 5 to 100 eggs, depending on species. 

Some laid in fall and wait in diapause until spring to finish development. 


Individual sea turtle females may lay eggs every 2 to 3 years. 


EGG DEVELOPMENT 


Temperature, moisture, oxygen and CO2 affect embryonic 
development. 


Higher temp produced larger sex (generally female) 
Males of crocodilians, lizards usually bigger. 

3-4 degree span in temp can switch from one sex to the 
other. 

Effect of global warming on reptiles? 

Conservation strategies, need range of temps for nesting 
(marsh-cooler-female) vs.( levee-warmer- males) nesting 
for alligators. 


NAVIGATION AND MIGRATION 


Sea turtles navigate thousands of kilometers to find tiny coves on nesting beaches 
Chemosensory cues, light, wave direction, magnetism 


LEPIDOSAURIA 


Lizards and snakes 
Kinetic skull with extremely 
mobile joints (TOP jaw is 
hinged from skull. ) 
Overlapping scales 


Tails may grow back 
partially if removed 


Reduced limbs in many 
groups 


Lizards have moveable 
eyelids and external ears 
while snakes do not 


Sphenodon — the Tuatara 


SQUAMATA - SNAKES AND LIZARDS 


95% of all known living reptiles 


KINETIC skull 


Snakes are limbless and lack both pelvic and 
pectoral girdles 


2 MAJOR LINEAGES OF SQUAMATES 
Iguania 
Terrestrial and arboreal lizards (many herbivorous), 
including iguanas, chameleons, spiny lizards and 
anoles 


Scleroglossa 
Geckos, skinks, amphisbaenians (worm lizards), 


legless lizards, alligator lizards, Gila mopsie, In 
lizards (3 min) and snakes. 


Peso 


коолу. 


Egg eating snake 


quadrate bone 


‘quadratojugal bone 


Western U.S. snakes and lizards 


SNAKE-LIKE LIZARDS 


Many legless or nearly legless species of lizards. Evolved independently 
more than 60 times. 

Amphisbaenians are fossorial (burrowing) lizards. Skin is not attached to 
the trunk, so their bodies slide back and forth within the tube of their skin. 
Can move forward and backward equally. 


GECKO FEET 


Can stick to smooth surfaces, even 
upside down. No adhesive secretions, 
no friction, no suction. 


Tiny hairs on feet produce electromagnetic 
attractions on a surface - van der Waals forces. 


2 million tiny hairs on a toe. Each hair divided into 
100,000's of structures called Spatulae. 


GECKO FEET 


2900 species, 10 cm to 10 meters. 

Some burrow, some are tree living. 

Forked tongues are used for chemoreception. 

Arboreal snakes have large eyes, fossorial ones have small eyes. 


SNAKES = 
Ea 1: LEER 


SNAKE TONGUE ODOR SENSOR 


odor molecules 


| 


nasal chamber 
(nose) 


nostril 


https://scitechdaily.com/smelling- 
in-stereo- reason-snakes- 


have-flicking-forked-tongues/ 


SEA SNAKES 


Sea snakes have tails modified for 
swimming, valves on the nostrils, 
elongated lungs used for buoyancy. 


s 
amm 


SNAKES 


Less than 20% of snakes are venomous 
(but in Australia 4 to 1 venomous to 
nonvenomous). 


Pit vipers have heat sensing pits. Fangs 
erected as mouth opens. 


Pythons and boas have heat sensing pit 
organs. Can detect 0.003°С temp Pit organ 


differences (loreal pit) 


Venom duct 


Rattlesnakes, copperheads and Venom gland. Discharge. 
cottonmouths in North America are pit E н 
vipers. : 


Heat sensing pit vipers 


| Sidewinder movement 


LIZARD FEEDING 
Chameleons have a specialized tongue and hyoid 
apparatus, and tongue can shoot out more than the 
body's length to capture insects. 


Chameleon feeding 


CLADE ARCHOSAURIA, CLASS CROCODILIA 


Crocodiles and alligators 

Essentially unchanged for 200 million years 
4 chambered heart 

Teeth in sockets 


Care for young 


(2) American alligator (b) American crocodile 


Nile crocodile 


1000 km. 


E 
1000 miles 


Distribution of Alligator mississippiensis 


Characteristics of Birds (in 
addition to the reptilian ones) 


Forelimbs highly modified as wings, usually for flying 


Feathers instead of scales in most places - wind resistance and 
insulation 


Usually FOUR toes, but reductions in some 

Endothermic 

4-chambered heart 

Bony skeleton with air cavities (light weight) and air sacs (respiration) 
Females with only single (left) ovary and oviduct, no urinary bladder 
HARD-shelled eggs with much yolk: extensive parental care 

NO TEETH: hard beak with enormous variation in form 


Fast digestion of food 


of modern 
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P Perching songbirds 
Evolution X Kingfishers, swits, woodpeckers, 


Terns, gulls, 


birds 


Ornithischians 


Dinosaurs 


Archosaurian lineage 


‘owls, nightjays, hornbills 


, puffins, plovers,| 


T^... sandpipers, woodcocks 


E 
Yo peacocks 
Duck, geese, storks, 


herons, flamingos 


Gannets, 


> 
2," “cormorants, 


licans, 
X trigates, birds 


Hawks, 
[Saurischian| Р vultures, 
^ falcons 


^ Albatrosses, 


petrels, 
3 loons, 
U „ penguins 


rds 


Tertiary 


Quaternary 


CENOZOIC 


Archaeopteryx 


Airfoil wing 

with contour 

feathers Long tail with 
many vertebrae 
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Hollow wing bone 
of a songbird 


Starling murmuration 
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Respiratory system 
of a bird 


Trachea 
Syrinx 


Anterior 
air sacs 


Posterior 
air sacs 


Inhalation: 
Air sacs fill 


Exhalation: 
Air sacs empty; lungs fill 
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(a) Cracking beak (b) Scooping beak (с) Tearing beak 


(d) Probing beak (e) Nectar-feeding beak 


(9 Sloving beak 


Kingfisher Dive 


Hummingbird tongue 
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Perching bird 
(euch as a 
cardinal) 


Raptor 
(euch as a 
bald eagle) 


fe Generalized bill 
Cardinal 
Seed 


Types ^U 

- of bird 

woodpecker) bills c 
Fish spear 


"mE Ma 


‘Swimming bird 
(ouch as a 
duck] 


"American avocet 
Worm burrow probe 


Pelican 
Dip net 


Parrot 
Nut cracker 


Flamingo 
y Mud sifter 


Tree nesting wood ducks 


Red-tailed Hawk 


Scrub Jay, Turkey 
vulture, California 
condor, clockwise 
from top left 


Wandering albatross Earthflight 


Wandering Albatross 


Earthflight (Winged Planet) highlights 


Operation Migration: Whooping Cranes 


All about hummingbirds. 4:10 backwards 
flight in slow motion 


5 Mammals: 
ғ Milk-Producing Amniotes 


Evolved from amniote ancestors earlier 
than birds (150 mya) 


Actinopterygii 


Appeared about 225 mya 


After dinosaur extinction, mammals 
flourished 


[ I 
‘Mammalia 


Range of sizes and body forms unmatched 
~ 4,700 spp. 


Ancestral vertebrate 


FIGURE 29.36 = 


openstax” 


Cynodonts, which first appeared in the Late Permian period 260 million years ago, are 
thought to be the ancestors of madern mammals. (credit: Nobu Tamura) 


ч 
Characteristics: 


-IMammary glands secrete milk (evolutionary modification of apocrine (sweat) glands) 
Brain enlarged in large skull 


Single lower jaw bone (dentary) 
U3 INNER EAR BONES (malleus [hammer], incus [anvil] and stapes [stirrup]) 
All mammals have HAIR (more or less) 


skull with two OCCIPITAL CONDYLES. 

47 CERVICAL VERTEBRAE 

ÜDIAPHRAGM 

Non-nucleated Red Blood Cells 
Dioecious, internal fertilization, 
endothermic and Homeothermic 

Only vertebrates with SPECIALIZED TEETH 


Mammary 
glands 


(0) Camouftaged coat 


(o) Sensory hairs 


Canines 
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Premolars 
and molars 


he 


Robust teeth 
for crusi 


hard 


hing. 


Frugivores 
(fruit-eating bat) 


tongue 
feeding 


Derived insectivores] 
(2-toed anteater) 


Premolars and molars 


Enamel on anterior 
surfaces of incisors 


Ё 


v 


Feeding 


specializations 


/ N Diastema (gap between 


Early insectivore 


|with generalized dentition| 


Versatile. 


dentition— 57 
for vari 


‘Omnivores 
(marmoset)! 


wears more slowly. А à theri 
zm than dentine behind, 
AR keeps chisel-sharp p n ешпепа а 
— э Gnawing molars 
‘Carnassial teeth Incisörs and| (beaver) | Upper incisors| 
Carnivores| adapted for cheek teeth grow absent 
(coyote) | slicing meat throughout life | Incisors. L E 


teeth) 


[Grazing, browsing] 


(deer) 


Numerous similar 

teeth in both jaws “> 

for fish capture Ж 

-i 

AAA 
Piscivores and 

plankton feeders 

(dolphin) 


Some but not all mammals 
- Digest plants using symbiotic bacteria 
- Have horns and antlers 


+ Horns — bony outgrowth of skull 
» Antlers — entirely of bone 


Bony antlers 


Subclass Prototheria — Order Monotremata 


Platypus and echidna lay eggs, lack placenta, have 
poorly developed nipples 


Subclass Theria "Wild beast" 
Uclade Metatheria - marsupials 
+ T orders 
* Once widespread, now confined mostly to Australia 
* Virginia Opossum found in North America 


* Very undeveloped young must make it to marsupium 
(pouch) to finish development 


MONOTREMES 


Oviparous - egg laying 
mammals 

Gut, ureters, and 
reproductive tract all 
empty into a CLOACA 
(similar to reptiles and 
birds). Mammal 
embryos, including 
humans, also have 
cloaca. 
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(a) Prototherian (duck-billed platypus) 


(b) Metatherian (rock wallaby) 


MARSUPIALS 


Pouched mammals 
Most found in Australia 


Young born at early 

stage of development 
and develop in 
mother's pouch 


== 
— 

FIGURE 29.38 — 

openstax” 


‘The Tasmanian devil is one of several marsupials native to Australia. (credit: Wayne 
McLean) 


Subclass Theria — Clade Eutheria 
Placental mammals 
Long-lived complex placenta 
Prolonged gestation 


EUTHERIANS 


Viviparous — young develop within female's body, and are born as 
juveniles 


Egg develops in a uterus (womb) with placental attachment 
E.g. Humans, Bats, Horses, Rabbits, etc. 


ORDER EULIPOTYPHLA 


Insect-eating 
mammals 


Shrew, hedgehogs, 
moles 


Solenodons 
and shrews 
have 
venomous 
saliva. 


ORDER CHIROPTERA 


Flying mammals 

Echolocation used for 
flying and locating 
food 


Mostly nocturnal 


AP 


| BATS FLYING FOXES 


ORDER XENARTHRA 


Anteaters — Toothless 


Armadillos and Sloths - 
Simple pea-like teeth 


ORDER RODENTIA 


*Gnawing Mammals 

*Largest group of mammals (4096) 
*Dentition — two upper and two lower 
chisel-like incisors that grow 
continuously 

*Squirrels, rats, beavers 


ORDER LAGOMORPHA 


Dentition similar to 

rodents but with four 
upper incisors rather 
than two 


Rabbits, hares, pikas 


ORDER CARNIVORA 
Flesh eating mammals 


Teeth adapted for tearing flesh 


Dogs, cats, bears, (sea lions, 
walruses) 


ORDER PROBOSCIDEA 


Proboscis mammals — 
mammals with an 
elongated snout or 
trunk 


Two upper incisors 
elongated as tusks — =| 


Molars well developed for 
chewing 


Elephants 


ORDER PERISSODACTYLA 


Odd-toed hoofed 
mammals (1 or 3) # 


Herbivorous 


Teeth adapted for 
P pe 
chewing 


Horses, zebras, asses, 
rhinoceroses, tapirs 


CETARTIODACTYLA 


The next two orders have recently been combined 
into a single taxon — the Cetartiodactyla 


ARTIODACTYLA 
Even-toed hoofed 
mammals (2 or 4) 
Many possess horns 
or antlers 
Many are ruminants 

* Four part stomachs 


Deer, cattle, sheep, 
swine, camels 


CETACEA 


Anterior limbs modified 
into flippers 


Nostrils represented 


by blowhole on top of 
head 


Hair limited to a few 
hairs on muzzle 


ORDER PRIMATES 


Five digits on both 
forelimbs and 
hindlimbs 


Opposable thumbs 


E.g. Humans, 
monkeys, apes 


PRIMATES 


Primarily tree-dwelling species 
Evolved about 85 mya 


Defining characteristics 


Grasping hands with opposable thumbs and big toe 

Large brain 

Some digits have flat nails (not claws) 

Binocular vision (stereoscopic vision) 

OComplex social behavior and well-developed parental 
care 
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STREPSIRRHINES 


"Wet" nose 

Small brain 

Good sense of smell 

Organ to detect pheromones 
Split uterus (bicornuate) 
Make their own vitamin C 


Lemurs, Aye-ayes, lorises, 
galagos 


| Mouse lemur 


Aye-aye 


Ring-tailed lemur 


Pygmy marmoset 


Mandrill 


UMonkeys 
* Tails, no brachiation, usually smaller 


UhHominoids – gibbons, gorillas, 
orangutans, chimpanzees and humans 


* No tails, brachiation, usually larger 

* Family Hylobatidae — lesser apes or 
gibbons and siamangs 

* Family Hominidae — greater apes 


DAdaptations for swinging in trees: 
Rotating shoulder joint 
Big toe separated from other toes 
Thumb separated from other fingers (for gripping 
branches) 
Stereoscopic vision 
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openstax” | 


The howler monkey is native to Central and South America. It makes a call that sounds 
like a lion roaring, (credit: Xavi Talleda) 


Humans very closely related to chimpanzees and apes but did not 
evolve directly from them 


All hominoids (greater and lesser apes) shared a common ancestor 


Family Hominidae 
subfamily Ponginae — orangutans 
subfamily Homininae 

* Tribe Gorillini — gorillas 
+ Tribe Panini – chimpanzees 
* Tribe Hominini- humans and their ancestors 


EP 2) 
FIGURE 29.40 = 
openstax М 


Gibbon Human Chimpanzee боа Orangutan 
o 


The (a) chimpanzee is one of the great apes. It possesses a relatively large brain and 
has no tail. (b) All great apes have a similar skeletal structure. (credit a: modification of 
work by Aaron Logan; credit b: modification of work by Tim Vickers) 


HUMAN EVOLUTION 


About 6 mya, lineage split off from other primates. New adaptation 
was bipedalism. 


Evolution not a neat progression 


1 or 2 (or more) Hominin species coexisted at the same time. 
Hominins are groups that gave rise to humans, such as 
Australopithecus and Homo erectus, as well as cousins like 
Neanderthals 
Key characteristic was bipedalism 
Resulted in many changes - spine sits 
underneath skull, broader pelvis, lower limbs larger 
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Australopithecus 
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Australopithecines — widespread, at least six species, relatively small, 
facial structure and brain size similar to chimp 
Homo - increased brain size, stone tools 
Homo sapiens 30,000 years ago 
Taller, lighter-weight, slightly smaller brain capacity 
(about 5.7 cups) than H. neanderthalensis (about 6 cups) 


Out of Africa hypothesis supported over multiregional 
hypothesis 
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Homo naledi, a new species of the genus Homo from the Dinaledi Chamber, 
South Africa: Berger et al. eLife 2015;4:е09560. DOI: 10.7554/eLife.09560 
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Session: Place Your Bid 
Sens wll us play money to lace eir bts on bei confidence in алена Лоар 
1. Which of the allowing phyla ме protostomes?” 
lo Sehnert 
Chordata 
2. Mak the felling nds oe proper deen: 
AO cari, B) Trichinel C) Hooks, O) Pom, E. lara worms, F) 
por 
ents ito mace ШШ 
—— burrow through the skin) 
— tay gs around the ams a igit B 
survive far long periods in the sai 
intermediate hot isa copepod (f 
— responsible fr beam in dogs nd ерда аг blindness in humans (E) 
E Which ofthe flowing answer choices appropriately describes thei eyle ofa 
kom? 
a. Swallow, intestine, burow through inesil al, exter blondsrean/ymphatc 
System. lungs coughd ар and rerwalowed, matur in mall intestine 
Burrow through skin, enter bloodstream, lungs, coughed up and swallowed, 
manare in intestine 
Xn 
migrat siad tikes o yt 
а. Nowe of te above 
4. What catus do animals inthe ablar Checa sae? 
a. oaia 
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Are spiders more closely related to horseshoe crabs or cockroaches”? (Hai. 


‘What onan or suture do spiders us for зура uptake? 

а Malian ules 

ъ вока 

© водата 

npo 

‘What is spider i made of and used fc? 

a. Protein; webs say lines, wrapping cs, dispersal of young 

V. Sips web mb e, rpg eggs epe of yog 

intr wet ay Hes, vemo ип, eral of yong 

d, Camblonten of operons weh by lis, wing op dina af 
Junt 

Which of ihe flowing escribes  cemipedo? 

a. 2 pains of legs per segment 

lo Prodce hydrogen i far deinem 

d, Hirn 

por — M 


What 2 types of metamorphism do insects have? What is the difference? 
(Complete-holometabolous and incomplete-hemimetabolous) 


‘What lows tirados o survive hai conditione? 
a. Special bacteria 

>. бурин 

< Hades underground 

8, None ofthe above 

‘What are brin appendage? What mpm of ahropods have ia 
рен 

а Myriapoda 

ho Chicas 

© tie 

n 

ow do rcs пайк pa cio? 

n. Dif over th kin 

5 Trachea tubes throughout the body with spiracles and pump abdomen 
Langs 

а Book ils 


Which of he following has halteres and what is their purpose? 
а Buterly 

b, Hee 

© Bestie 

d Hy 


"What structure do sea urchins use o serpe algae? 


Муны 
B. Pedicellaria 

Nd 

d pines 

m———— 

x Tibet 

b. Ampule 

© Pelea 

а. Mepis 

‘Which ofthe following best describes the symmetry ofan echinoderm Bom larvae to 
Dim 

а Radial parait 

5. Batea Ышш 

Bila petarda 

а. Penta bend 

lich of e following best describes the etre ofa starfish? Select al that apply: 


Madrcporite on oral side and mouth on aboral side 
©. Ossicles fused in the endoskeleton 

The tentacles of a sea cucumber are modified for. (feeding) 
20, What chordate characteristics do tunicates retain? 


Dorsal hollow nerve cord 


Аа chordate characteristics do lancelets retain? 


AGE ERR OEE 


22. Define the following terms: oviparous, ovoviviparous, viviparous 


23. How many chambers are found in the hearts of fishes, amphibians, reptiles, and 
chordates (respectively)? 
a 2334 
b. 233 (except for birds), 4 
©. 233 (except for crocodiles), 4 
а 
24 Which ofthe following lacks a vertebrae? 


Bony fishes 
а. Nowe ofthe above 

‘Which are the eatlaginos fabes? 

* Hapa and lang 

la такаа ай leds 

c Susma 

d, Bony der 

26 What makes sharks such god preto itis ique bout бан els 


27. Which group led to the tetrapods? 
а Amphibians 


ncm 

24 What gives sharks their buoyancy vs bony bes, respectively? 

а Oily liver; swim bladder 

Sam bles, oy liver 

c. Sum ders are fundi od 

а. Both have swim bars and oily lives 

‘What is the pera? 

x. Foo instar, bony бир of akin od ovement of water over il 
fain ald meee of was ver 


d. Found in sea stars and other echinoderms, bony flap of skin to aid movement of 
water aver gills 
30. Which group of dinosaurs led to the bind lineage? 
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® Pouched mammal 

© Poca ane 

а Nene ofthabove 

‘What are some adaption for ight in bins? 


Why is Tiktaalik significant? 


5. Why are amphibians tied to water while reptiles and mammals are not? 


What are the components of the amniotic egg? 
What are the benefits and harmful effects of having insects? 
What are some mammalian characteristics? 

What are the 5 chordate characteristics and their functions? 


What issues had to be addressed when transitioning om water to land? 


